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Abstract

Blood has been known as the most precious and human substance in the world. Current
Issue in cardiac surgery are moving from transfusing allogeneic blood products towards
saving and preserving the patient’s autologous blood. Patient’s own whole blood offers
the best natural healing abilities and homeostasis. No substitute, whether it is human or
artificial, will ever work as well with fluid shifts, hemostasis and homeostasis. Someone
reports commonly feature severe blood shortages and research documenting recognized
transfusion risks such as how older stored blood can put heart surgery patients at
increased risk and others that point to the morbidity and mortality with its use.
Therefore the medical effort is moving towards more effective blood utilization by
minimizing the exposure to donated blood. The techniques are saving of the patient’s
own blood as much as possible that might otherwise be mismanaged or lost during
surgery. Techniques such as ultrafiltration, that quickly concentrate and reinfuse whole
blood back to the patient are the best choice. From admission to discharge
hemovigilance requires a concerted multidisciplinary team effort with multimodal tools
available in the coagulation armamentarium to effectively avoid this form of organ
transplant. Improving outcomes and reducing morbidity and mortality in cardiac surgery
takes place at the microcirculatory capillary level and with control of hemostasis.
Cardiac teams need to effectively communicate and minimize blood loss and
hemodilution and reverse it for blood management in Cardiac surgery.
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Primimg and Hemodilution in _
e Neonatal and Pediatric Cardiac Surgery_




Historical perspective

Johnn Gibbon
- Blood prime - normal flow rates (70~80ml/kg/min)
normal blood pressure

Lillehei et al
- Flow rates (30~35 ml/kg/min)
- Hypothermia




Historical perspective

Panico et al.
/’\/ - Crystalloid solutions or plasma-expanding colloids
1950s —> reduce or eliminate blood from the prime

- Hemodilution : popularity and universally
- Hypothermia

—> protect organs from the adverse effects of not only
Low flow but also Hemodilution
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Benefits of Hemodilution

Decreased blood viscosity

Improved regional blood flow
Improved oxygen delivery to tissues
Decreased exposure to blood products

Improved blood flow at lower perfusion pressure (lower shear stress)

NATIONAL tUrNIVE RN 1Y
REN'S MHMOSPIT AL
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Viscosity change against shear rate : hematocrit fell from 37% to 17% after hemodilution

—

=’1‘\ = > . /'\-—’( "1 3 Thorac Cardiovasc Surg 1975;69:552-561
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CPB for infants vs adults

o Immature organ systems

e Smaller circulation blood volumes

* Higher oxygen consumption rate

* Reactive pulmonary vascular bed

* Presence of intracardiac and extracardiac shunting
e Impaired temperature control

e Poor tolerance to microemboli

SNUUHS 200G
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DR

Hemodilution

Play X Plyer

HCT — pt,, + Primeg,

PHCT= Predicted Pump HCT

PT. BV = Patient Calculated Blood Volume
PT.HCT = Patient HCT

PRIME BV = Total Priming Volume

NATIONAL UNIVERSITY
NS MoOsP»iy 1



In 3kg-baby

BV pat = 270 mi

0 40 80 120 160 200 240 |280) 320 360 400

Prime volume (ml)

—a—Hct pat 0.45 —a—Hct pat 0.40 —-—Hct pat 0.35 —x—Hct pat 0.30 —s—Hct pat 0.25

S S :
Perfusmn 25(4) 237—243 ’k}
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Significant Hemodilution

ﬂ Clotting factors, plasma protein = dilution coagulopathy

~ 1 Colloid osmotic pressure > interstitial edema
Electrolyte imbalance
1 \ 1 Release of stress hormones

1 Activation of complement, WBC, platelets
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Immature organ systems in neonate

Liver Lung
Gluconeogenesis Potential for pulmonary edema
Hepatic perfusion
Clotting factor Pulmonary hypertension
Kidney Immune system
sodium reabsorption &excretion Complement generation
< concentration &diluting function Neonatal mononuclear cells
—

Prominent in Hemodilution
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Immature heart during CPB

Less compliant and less preload reserve
- very limited range on the Starling curve.
Inflammatory response to CPB
- microvascular leak = capillary leak syndrome
- when the heart becomes edematous - less compliant
- Higher filling pressures are required

Prominent in Hemodilution
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Duration of hemodilution related to LVEDV & LVEDP In Neonates

50

| —*— 90 min of Hemodilution

404 -9 - 60 min of Hemodlution

---A=== 30 min of Hemodilution S
3()4 —&— No Hemodilution , ’

{ ---®--- 90 min Hemodil. Adult ' r;ﬂ'"

2{} i i .

10-

End-Diastolic Pressure (mmHg)

Circulation 1978;58:155-159 |...
-
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Adverse effects and Potential risk of transfusion

Infectious transmission

Transfusion related acute lung injury
* Inflammatory response

* Immunologic compromise

« Graft vs host disease

« \olume overload
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Table 2 Transfusion reactions

Immune-mediated Nonimmune-mediated
Alloimmunization to: Infectious
red blood cell antigens Volume overload
and HLA antigens Massive transfusion:
Hemolytic transfusion metabolic, hypothermia,
reactions: dilution and
acute and delayed pulmonary
Febrile nonhemolytic microembolization
transfusion reactions Miscellaneous:
Allergic transfusion transfusion hemosiderosis,
reactions plasticizers

Posttransfusion purpura
Transfusion-related acute
lung injury Inflammatory response generated by CPBI
Transfusion-associated
graft versus host disease
Transfusion-related
immunomodulation

e —

. ~ | Pediatric Anesthesia 21 (2011) 504—51‘1'}7-

A
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Benefits of minimized prime volume

Dilution of hemoglobin, platelets & coagulation factors

Reduction priming volume — ameliorate inflammatory
response independent from blood transfusion

Reduced need for blood transfusion while maintain tissue
oxygenation and patient safety
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Key points of mininmizing priming volume

1. Oxygenators and hemofilters with small priming volumes
2. Small diameter circuit tubing (3/16 inch = 4.76 mm)
3. Length reduction
- Heart-lung machines were positioned near the operator field
- Aline + venous line = 170cm (30cc, 1.78mL/10cm)
- Vent sucker head — venous reservoir : within 50cm
- Minimizing the distance ; Arterial pump ~ Oxygenator
4. Venous reservoir ; same height as the patiet’s heart
5. Draining venous blood with Vacuum assistance
6. Arterial line filter ; excluded
7. Minimum reservoir volume ; 15~25mL
8. Vigorous ultrafiltration



Pressure(EXD Temperature
U 1b

Arterial line < Cardioplegia delivery line _
l F Aortic root vent -

G
— Cardioplegia
a Card Sucker sy
ardiotomy Sucker
5 o
LV vent =3

Venous line

Systemic
Blood
Pump

LEJ Oxygenator & Reservoir with small volume




Pressure(EXD Temperature
- Cardioplegia delivery line <dml>

Arterial line

Aortic root vent -
‘,l = =
:!‘ Cardioplegia
— Cardiotomy Sucker s
l E LV vent=—=>>
Venous line
A
Y
]
Blood
— Pump
CH
EI: Hemitel . - - =
Pump head: : three-dimension alignment

Distance : minimized




Pressure(EXD Temperature
U 1b
ortic root vent -
(g
=3 Cardioplegia
B Cardiot SUCKET
ardiotomy Sucker
l 5 —

Arterial line - Cardioplegia delivery line

LV vent=r—>>

Vo l
Y &
)
C_)

L@*ygenaier

Venous line

—

Systemic
T Blood
Pump

\Venous reservoir ; same height as the patiet’s heart
Draining Venous blood with Vacuum assistance




Pressure Temperature

Arterial line <~ Cardioplegia delivery line
Aortic root vent - %
) Cardioplegia
= SN Cardiotomy Sucker s
l LV vent =3 T
Venous line

Oxygenc\niu:
Systemic
Blood
< P — Pump
il ‘
Hemofilter

Minimum Reservoir volume
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Five—-Year Experience With Mini—Volume Priming in Infants <5 kg:

Safety of Significantly Smaller Transfusion Volumes

*Hyoung Woo Chang, *Jinhae Nam, *TJae—Hee Cho, *Jeong—Ryul Lee, *Yong—-Jin Kim,
and *Woong—Han Kim

*Department of Thoracic and Cardiovascular Surgery and TExtracorporeal Circulation Team,
Seoul National University Children’s Hospital, Seoul Korea

2007 ~ 2012, 480 neonates and infants < 5kg
Mini-volume priming (MP) vs Conventional priming (CP)
Mean age : 48 = 41 days

Mean body weight : 3.8 £ 0.8 Kg

Smallest Prime volume : 110 mL

Artif Organs, Vol 38, No. 1, 2014
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TABLE 2. Compasition of cardiopulmonary bypass system

Mini-volume priming methods (n = 331)

Conventional priming methods (n = 149)

Heart—lung machine

I Oxygenator

Height of reservoir

Hemofilter

I Vacuum drain

Circuit tubing size

Arterial line

Cardiotomy
Arterial line filter
Bubble detector
Cardioplegic solution
Ultrafiliration
Modified ultrafiliration

Content of priming solution

Venous line

Basically crystalloid, mixed with small amount (<20 mL) of whole blood

Sorin COBE Stroker HLM/Jostra HL30

D-901 77 (51.7%)
D-902 1(0.7%)
SAFE-micro 63 (42.3%)
SAFE-mini 1(0.7%)
RX-05 T(4.7%)
80 cm below heart level
DHF-02 51 (34.2%)
FH22H 59 (39.6%)
Junior 1(0.7%)
HPH400 1(0.7%)
D150 37 (24.8%)
Gravity drainage

316"

1/4”

/e

Jostra HL30
D-901 17 (51%)
Minimax Plus 1{03%)
SAFE-micro 13(39%)
SAFE-mini 1{03%)
RX-05 298 (90.0%)
Quadrox neonate 1(0.3%)
Same as heart level
DHF-02 61 (18.4%)
FH2IH 102 (30.8%)
Junior 14 (4.2%)
HPH400 3(0.9%)
D150 151 (45.6%)
Vacuum drainage only (—20 to —40 mm Hg)
3Na"
Mainly 3/16" and 1/4”
3Nna"
Not used
Not used
Applied
Applied
Plasma solution
Voluven
20% albumin
NaHCO;

Packed red blood cells
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TABLE 4. Cardiopulmonary bypass parameters and postoperative outcomes
Mini-volume Conventional
priming group (n = 331) priming group (n = 149) P value

CPB data

CPB time (min) 15160 133+68 0.003

ACC time (min) 77 +45 71 +41 0.181

TCA applied cases 2(0.6%) 9 (6.0%) 0.001

TCA time (min) 29+27 37+17 0.600*
Regional perfusion cases 51 (154%) 5(3.4%) <0.001

Regional perfusion time (min) 27+12 26112 0.579*

Lowest rectal temperature (“C) 26.1 +2.8 265+3.6 0.976

Hematocrit at CPB termination (%) 2613 26+4 0.878

Total urine output during CPB (mL) 106 + 144 108 £ 149 0.901

Hemofiltration during CPB (mL) 429 + 231 407 £ 189 0.263

Modified ultrafiltration (mL) 168 £ 96 174+ 111 0.524
CPB priming

Plasma solution (mL) 30.6 £ 18.1 78.1+£39.1 <0.001

Voluven (mL) 2824274 57.0+36.8 <0.001

20% _Albumin (ml.) 488 +24 8 62.4+246 <(.001

pRBC (mL) 3361172 94.6 £42.3 <0.001

Total priming volume (mL) 141.3+£238 292.1 £49.5 <0.001
pRBC added during CPB (mL) 48.2 + 33.6 69.2 + 63.3 <0.001
Lowest hematocrit durineg CPB (%) 219+31 21.8+3.0 0.72
Total transfusions via CPB (mL) 81.6+39.6 1623 £82.3 <0.001
Postoperative neurological complications 6 (1.8%) 4(2.7%) 0.509
Operative mortality (<30 days) 21 (6.3%) 2(1.3%) 0.019

.o /
——

Artif Organs, Vol 38, No. 1, 2014 I -
—— / : -t : -

-
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A Postoperative neurologic complication Operative mortality
Mini-volume priming group Conventional priming group SRRV e iR A W AR
[ Mewrologic complication (-) 1 Operative m:“’f tf
I Meurologic complication (+) [ Operative mortality (+) A (1
0/4 (0.0%) [- RACHS (1) :| /5 (0.0%} 0/4 (0.0%) - {11 o5 (0.0%)
2146 (1.4%) - RACHS (2) 4 I 3104 (2.9%) 21148 (1.4%) - RACHS (2) + 0104 (0.0%)
2068 (2.9%) I F RACHS (3) - Q30 (0.0%) TIB8 (10.3%) I - RACHS (3) 2/30 (B.79%)
1104 (1.0%) L RACHS (4) :I 11D (10.0%) 7104 (6.7%) I L RACHS (4) :l 0D (0.0%)
e e [ RAGHEE] 5/9 (55.6%) [ RACHS (6)
140 120 100 80 &0 40 20 0O O 20 40 60 80 100 120 140 ik i A A B O T oh B S0 3% a0 vo S
Number of Patients Number of Patients Nurnber of Patients T

Risk factor of Postop neurologic complications : Age, BSA
Risk factor of Mortality : RACHS category

MP method : not a significant Risk factor

Artif Organs, Vol 38, No. 1, 2014

-
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Debate continues — Optimal Perfusion

- Further investigation is required to assess the
“critical HCT as well as other perfusion variables”
as a trigger for transfusion (with current practice)
- Follow-up studies are needed

Does reduced transfusion result in better long-term outcomes?



Superior neurologic outcome in children after exposure to higher Hct

P=0.008

LR III—

1

P=0.36

T+
J._'l—

Leomnsr  Hagher
Hematoori

Paychomator
Development
Imdex
{N=10%)

Liwrr  Hig e
Hematocnt

Pulesrifaal
Developrent
Index
(M=112]

SNuUHY

RLOUL NATIONAL UNIVERSITY
CHILDREN'S MOSPITAL

TABLE 3. Scores on developmental tests according to

treatment group

Lower hematocrit Higher hematocrit

level (n = 59), level (n = 53), P

Test mean = SD mean = SD value®
Psychomotor 819 =157 89.7 = 147 008

Development Index
Mental Development 92.1 =145 944 +11.0 36

Index
Psychomotor

Development

Index, no. with low

score/total no. (%)

=85 30/56 (54) 22/53 (42) 18

=70 16/56 (29) 5/53 (9) 01
Mental Development

Index, no. with low

scoreftotal no. (%)

=85 18/59 (31) 6/53 (11) 02

=70 4/59 (7) 2/53 (4) 68

-

y

o

\)-—}Mc Cardiovasc Surg 2003;126:1765-74
—_— S :.‘wvg,&
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The effect of hematocrit during hypothermic
cardiopulmonary bypass in infant heart surgery:
Results from the combined Boston hematocrit trials

David Wypij, PhD,2%" Richard A. Jonas, MD,”®* David C. Bellinger, PhD, MSc,%f Pedro J. Del Nido, MD,
John E. Mayer, Jr., MD,”2 Emile A. Bacha, MD,”® Joseph M. Forbess, MD,”®" Frank Pigula, MD,">®
Peter C. Laussen, MD, 29 and Jane W. Newburger, MD, MPH?2¢

TABLE 2. Perioperative and 1-year outcomes of 271 pa-

tients undergoing hypothermic CPB in infant heart surgery

Randomized trial of hematocrit strategy

Variable

n

Perioperative outcomes
Intraoperative fluid balance (mL)

Intraoperative blood products (ml),

median (range)

Serum lactate at 60 min after CPB
{mmol/L)

Madir of cardiac index (L - min
m 2

Postoperative blood products (ml),

median {range)

One-year outcomes
POI
MDI

244

270

239

102

n

215
216

Mean = 35D
during CPB
401 = 259
208 (25-1383) 271 infants, biventricular repair
29 =16
31 =11
- Psychomotor Developmental Index
111 {0-3551)
562 - 157 - Mental Developmental Index
939 =124

CFPE, Cardiopulmonary bypass; S0, standard deviation; P Psychomotor
Development Index; MOV, Mental Development Index.

_—

at age 1 year

\—/ul‘horac Cardiovasc Surg 2008;135:355-60
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We should challenge ourselves

- Encourage technology development and innovation
- Mini bypass circuitry
- Reduce transfusion

- Asanguinous CPB



Transfusion Strategy in ECMO Support
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2) O|=3: 2013 PAD guideline

3) & 2014 Japanese guidelines for the
management of Pain, Agitation and Delirium in

Intensive care unit (J-PAD)



Japanese guidelines for the management
of Pain, Agitation and Delirium in

Intensive care unit (J-PAD)
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(clinical question, CQ)

2013 PAD
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RCT(well designed)
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Pain

SCCM

Pain assessments be routinely
performed in all adult ICU patients
(+1B)

Behavioral Pain Scale (BPS) and

Critical-Care Pain Observation Tool

(CPQOT) are the most valid and reliable

behavioral pain scales for monitoring

pain in medical, postoperative, or

trauma (excepts for brain injury) adult

ICU patients who are unable to self-

report, and in whom motor function in

intact and behaviors are observable. (B)

JSICM
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Pain (St=)

4) K= A=l 2 HSe| 87t &4 20| G5 A 0F of 1 O
= 2&d Us s 8= #I6t0 2= XA=A=0] S+

5) Bref Orefd S| el =7 ER5ICHH fentanyl,
hydromorphone, 12|11 morphine 50| =X E&|= X =

O|C}(Grade of recommendation Q).



Pain (2t=7)

6) NSAIDs =2 acetaminophen2 MEHE| ZHXLO| A OF2AM X
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Pain (St=)

11) 58 JH2 20N = WE HS5E= JHetE fentanyl=

Z=LCH(Grade of recommendation Q).
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recommendation C).
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Pain

SCCM JSICM
« Preemeptive analgesia and/or non- o 24 E2|Ql(Drain)e| MAHLF 84X X
pharmacologic interventions (e.g., Kot &L E=ZE Zdtst= HX| A
relaxation) should be administered to o= RI=0| Cholf 11245l OF SHCHB)
alleviate pain in adult ICU patients = MOl ICU XA B2 =80l H|A
before chest tube removal. (+1C) Al O|Q|o] AI&H ML E=SS =
« For other types of invasive and Higk 715 M0| Q= HX|OIME, E
potentially painful procedures in adult =2 AZFA7|7] {8} MM RIE0|
ICU patients, preemptive analgesic L} H|F2| ™ ZX|E Al HE K|
therapy and/or non-pharmacologic OrstCH(+2C)
interventions may also be > XNE MK MBS0 E=S HEE I}
administered to alleviate pain. (+2C) Sl= A =Q3}CHB).



SCCM JSICM
 Intravenous opioids should be - ICU 2tire| 5= XI=5H| RloiM= 8
WAL QU|QO0|EE K| 1 MEAFO = 4f

considered as the first ling drug B
= A= gHeH(+10).

class of choice to treat non-
neuopathic pain in critically ill
patients. (+1Q)

« All available intravenous opioids,

when titrated to similar pain

intensity endpoints, are effective. (C)

e Dexmedetomidine reduce need for

opioids.



SCCM

Pain

JSICM
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Sedation (ot=3)

1) SAS, MAAS, VICS Zt2 I TI} &L O| A}

(Grade of recommendation B).
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(Grade of recommendation C).



Sedation (ot=)

3) Acute agitation (2924 SHXO|AM Al TIHE 28HA

= midazolam= AF23%tCHGrade of recommendation C).

4) Propofol2 1 ZsHN BItLt 7| &Lt M A s= fI5] HF
ot 480 28ttt 870 7&0ttHGrade of
recommendation B).

5) MidazolamE 48—72A|7F O| A AFRSIH Z2EM O 3| 2 0|L}
7|2kl 2 KA AlZte| 0| S0| O H X[ B2 TH7|ZF ARE 5t

= Z40| HZEEICHGrade of recommendation A).



Sedation (ot=3)
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Sedation

SCCM

Maintaining light levels of sedation in
adults ICU patients is associated with
improved clinical outcomes (e.g., shorter
duration of MV and a shorter ICU
length od stay). (B)

Maintaining light levels of sedation
increases the physiologic stress response,
but is not associated with an increased

incidence of myocardial ischemia. (B)

Sedative medications should be titrated
to maintain a light rather than a deep
level of sedation in adult ICU patients.
(+1B)
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Sedation

SCCM

Richmond Agitation-Sedation Scale (RASS)

and Sedation-Agitation Scale (SAS) are
the most valid and reliable sedation
assessment tools for measuring quality
and depth of sedation in adult ICU
patients. (B)

Objective measures of brain function (e.g.,

AEP BIS, NI, PSI, and SE) be used as an
adjunct to subjective sedation
assessments in adult ICU patients who
are either comatose or who are receiving
neuromuscular blocking agents. (+2B)

EEG monitoring be used to monitor non-
convulsive seizure activity, and to titrate
electrosuppressive medication to obtain
burst suppression in adult ICU patients
with either known or suspected seizures.
(+1A)

JSICM
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Sedation

SCCM

Sedation strategies using non-
benzodiazepine sedatives may
be preferred over sedation with
benzodiazepines to improve
clinical outcomes in
mechanically ventilated adult

ICU patients. (+2B)

JSICM
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Delirium (ot=})

1) ZEAAO] QAT SIXFOIA A L0 CHSH B7E7H TR 50| CAM-
ICUE 0|85t EH7t5tH NEECHAMO|LF ICDSCE H7f diHo 2

M2 Al XIEH £ haloperidolS ALSSt 4 91o0] AFG Al0] £}
80| T2t ZAI7H ERsHH 53| M E0| T2 2 d
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Delirium

SCCM JSICM

Delirium is strongly associated with
increased mortality in adult ICU

patients. (A)

Delirium is strongly associated with
prolonged length of stay in adult
ICU patients. (A)

Delirium is moderately associated
with the development of post-ICU
cognitive impairment in adult ICU

patients. (B)



Delirium

SCCM JSICM

Routine monitoring for delirium in

adult ICU patients (+1B)

The Confusion Assessment Method
for the ICU (CAM-ICU) and the
Intensive Care Delirium Screening
Checklist (ICDSC) are the most valid
and reliable delirium monitoring

tools in adults ICU patients. (A)

Routine monitoring of delirium in
adult ICU patients is feasible in

clinical practice. (B)



Delirium
SCCM JSICM

 Four baseline risk factors are

> AY, STE, A4STWES), 7|=L
significantly associated with the
21X 7|50k
development of delirium in the ICU:
_ : : H| X I INPS| T
pre-existing dementia; history of > W=CIOrHEA TEHer 2020
: : : =M =) 40} "Hi=

hypotension; history of alcoholism; and E= SYICU &xref 238 &30

admission severity of illness. (B) S E ICU X|2 23 21XHO|EH(B)
+ There are conflicting data surrounding = 2&2& 2 g2 2tAH0A TE

the relationship between the use of HNE Fog 0= Hz=C|Obx|H

opioids and the development of A REKN ECHE H|BIZC|OFX| & A|

delirium in adult ICU patients. (B) MNEHE SMHEOZE AFES AS
- Benzodiazepines may be a risk factor XN @FsSECH+20)

for the development of delirium in adult
ICU patients. (B)



Delirium

SCCM

Coma is an independent risk factor
for the development of delirium in
ICU patients. Establishing a definitive
relationship between various
subtypes of coma (i.e., medication-
related, structural, neurological,
medical) and delirium in ICU

patients will require further study. (B)
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Delirium

SCCM JSICM

In mechanically ventilated adult
ICU patients who are at risk for
developing delirium,
dexmedetomidine administered
for sedation may be associated
with a lower prevalence of
deliritum compared to
benzodiazepines administered

for sedation. (B)



Delirium

SCCM

Early mobilization of adult patients
be performed whenever feasible to
reduce the incidence and duration
of delirium. (+1B)

No recommendation for the use of
a pharmacological (including DEX)
or combined non-pharmacological
& pharmacological delirium
prevention protocol in adult ICU

patients (0, C)

JSICM
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Delirium

SCCM

Neither haloperidol nor atypical
antipsychotics be administered
to prevent delirium in adult ICU

patients. (-2C)

No specific recommendation on

delirium treatment

JSICM

> S22 E £0{7} ICU Xt
MY 2SS oYt 5t7)
{ZCHO, O

. UR0|M S EojgoR
S A0 G £0| TS ICU SHxte)
MY oe BHOR ARY
ZAQIX|0f CslAlS 2L it
0, O



Delirium

SCCM

Recommend either daily
sedation interruption or light
target level of sedation be
routinely used in mechanically
ventilated adult ICU patients.
(+1B)

Suggest analgesia-first sedation

be used in adult ICU patients

who are mechanically ventilated.

(+2B)

JSICM
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SCCM

Recommend that sleep should be

promoted in adult ICU patients by
optimizing patients’ environments in order

to protect patients’ sleep cycle. (+1C)

Recommend that a multidisciplinary ICU

team approach that includes provider

education, preprinted and/or

M= =9
& A= M rete(+20)

Z A0 2!
= & OfZt 2EE AF= O

computerized protocols and order forms,
and a quality ICU rounds checklist be
used to facilitate pain, agitation, and
delirium management guidelines or

protocols in adult ICUs. (+1B)
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Take home message

Pain control

Light sedation
Delirium control
Enough good sleep

Early mobilization



Post Intensive Care
Syndrome (PICS)

24y
Yonsei University College of Medicine

Department of Anesthesiology & Pain
Medicine



PICS

» Introduction
 Definition
« 3 categories
— Mental health: anxiety, PTSD, depression

— Cognitive impairment. memory, attention,

— Physical impairment: pulmonary,
neuromuscular



PICS

Epidemiology

Risk Factors

Clinical Manifestations
Dx

Prevention & Treatment



ARDS mortality

Percent of ARDS Patients Dying

8 8 &8 8

o
S &

—
-

0

83 84 85 86 87 88 89 90 91 92 93 94 65 9'6 97 98
Year




me NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 FEBRUARY 20,2003 VOL.348 NO.8

One-Year Outcomes in Survivors
of the Acute Respiratory Distress Syndrome

Margaret S. Herridge, M.D., M.P.H., Angela M. Cheung, M.D., Ph.D., Catherine M. Tansey, M.Sc.,
Andrea Matte-Martyn, B.Sc., Natalia Diaz-Granados, B.Sc., Fatma Al-Saidi, M.D., Andrew B. Cooper, M.D.,
Cameron B. Guest, M.D., C. David Mazer, M.D., Sangeeta Mehta, M.D., Thomas E. Stewart, M.D., Aiala Barr, Ph.D.,
Deborah Cook, M.D., and Arthur S. Slutsky, M.D., for the Canadian Critical Care Trials Group




109 ARDS survivors
3, 6, & 12 months after discharge from ICU
Interview, P/E, PFT, 6 min-walk test & QOL

71% restored BWin 1y PFT

Discharge 3 Mo 6 Mo 12 Mo
0
% Table 2. Recovery of Pulmonary Function among Patients with the Acute
;@? Respiratory Distress Syndrome during the First 12 Months after Discharge
= 54 from the ICU.
)
‘D € 3 Mo 6 Mo 12 Mo
= 10— Variable (N=71)* (N=77)F (N=80)7
=
w median (interquartile range)
3 T
_;:u 154 Forced vital capacity (% of predicted) 72 (57-86) 80 (68-94) 85 (71-98)
v Forced expiratory volume in one 75 (58-92) 85 (69-98) 86 (74-100)
T second (% of predicted)
-20- Total lung capacity (% of predicted)| 92 (77-97) 92 (83-101) 95 (81-103)
Residual volume (% of predicted)f 107 (87-121) 97 (82-117) 105 (90-116)
FlgUI‘E 2. hﬂ_ean {+SE] Change in WEI'ght from'Base Line Carbon monoxide diffusion capacity 63 (54-77) 70 (58-82) 72| (61-86)
among Patients with the Acute Respiratory Distress Syn- (% of predicted){9]
drome at the Time of Discharge from the ICU and at 3, 6,
and 12 Months.
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Survival -> Survival + QOL

Paradigm Shift



Definition of PICS

* new or worsening function in one or
more of the following domains after
critical illness.

— Cognitive function
— Psychiatric function
— Physical function

« PICS-family: effects of critical illness on
acute/chronic psychological morbidity
among patients’ family members



Post Intensive
Care Syndrome

(PICS)
| |
Family Survivor
(PICS-F) (PICS)
s g - s T 5 W l b
Mental Health Mental Health Cognitive Impairments Physical
Anxiety/ASD Anxiety/ASD Emlrl:;“-‘ Function Impairments
FTsD ¢ - Pulmonary
Depression R V.‘d‘“e""“? I Neuromuscular
1 Ee T DE mqslnn lﬁ“ﬂ'*‘pﬂ 1 i '
i Comphicated Grief . \ P | Mental Processing Speed ) | Physical Function

Figure 1. Postintensive care syndrome (PICS) conceptual diagram. ASD, acute stress disorder; PTSD,
posttraumatic stress disorder.



Epidemiology

 Poorly studied.

- O|=2| 4% O 57002tH0| S2tAr& 0
QIAISHD] 0| & 48002H0| MEBIC,

« 0| & 1/4 - 1/29] 2tX}=0| M|Z7FX| PICS
7tH22 2] & K| Ol 8= - etht.

An exploration of social & economic outcome & associated health-related QOL after critical illness
in general ICU survivors: a 12-month follow-up study. Crit Care. 2013

Physical & cognitive performance of patients with ALl 1 year after initial trophic vs full enteral
feeding. EDEN trial follow-up. Am J Respir Crit Care Med. 2013

Long-term cognitive impairment after critical illness. N Engl J Med. 2013



O

The authors’ full names, degrees, and affili-
ations are listed in the Appendix. Address
reprint requests to Dr. Pandharipande at
1211 21st Ave. S, MAE Ste. 526, Nashville,
TN 37212, or at pratik.pandharipande@
vanderbilt.edu

*The Bringing to Light the Risk Factors and
Incidence of Neuropsychological Dysfunc-
tion in ICU Survivors (BRAIN-ICU) Study
Investigators are listed in the Supplemen-
tary Appendix, available at NE/M.org.

N Engl ) Med 2013;369:1306-16.

nitive impairment: 25-78% in IC

SUrvivors

“ ORIGINAL ARTICLE ”

Long-Term Cognitive Impairment
after Critical Illness

ABSTRACT

BACKGROUND
Survivors of critical illness often have a prolonged and disabling form of cognitive
impairment that remains inadequately characterized.

METHODS
We enrolled adults with respiratory failure or shock in the medical or surgical intensive
care unit (ICU), evaluated them for in-hospital delirium, and assessed global cognition
and executive function 3 and 12 months after discharge with the use of the Repeatable
Battery for the Assessment of Neuropsychological Status (population age-adjusted
mean [£SD] score, 10015, with lower values indicating worse global cognition) and the
Trail Making Test, Part B (population age-, sex-, and education-adjusted mean score,

SN writh loawrer erarec indicatine waree avarntive fiinctinnl Asenciatione af the din-

BRAIN-ICU study

Prospective study

821 ICU survivors
from MV.

cognitive impairment:
6% @ baseline ->
40% @ 3 mo

Delirtum: 74% during
the hospital stay.



Median global cognition scores at 3 & 12 months:
79 (70-86) & 80 (71-87)
Durations of delirium correlates worse global cognitive fx
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2 100+ -——)— - —} — - —] - — o v,
8 E=
8 L_C; o
} 80 H H — Eﬂ _ MCl 2 = 70+ N
_o - .- . R - - - . - = - OEEEEE .- . . . TBI ‘:
3 e : Izheimer's %
z dise -
< 501 2 S
2 : a &0 Cognitive impairment
: : E N=382
P=0.04
40
//
0 T T T T T T
3IMo  12Mo IiMoe  12Mo 3Mo 12 Mo 0 1 0l W N | |
(N=97) (N=89) (N=147) (N=138) (N=130) (N=98) 0 5 10
=49 Yr 50-64 Yr =65 Yr Days of Delirium

Figure 2. Duration of Delirium and Global Cognition Score at 12 Months.



Long-term neuropsychological function in
survivors of ALL Am J Respir Crit Care Med 2012

« Adjunct study of
FACTT trial

survivors @ 2 & 12
onths

— Verbal fluency i. 16%
— Executive fx i. 49% vemmy  vetdl Becuive  Newasogntie

Fluency Function Impairment

p=0.004

Impairment, %




Psychiatric illness

« Common (~62%) among ICU survivors
(ARDS)

— Depression
— Anxiety
— PTSD

Depressive symptoms & impaired physical function after ALL: a 2-year
longitudinal study. Am J Respir Crit Care Med. 2012

Posttraumatic stress disorder in survivors of ALL Chest. 2013

The ARDS cognitive outcomes study: long-term neuropsychological function in
survivors of ALL. Am J Respir Crit Care Med. 2012

Psychiatric diagnoses & psychoactive medication use among nonsurgical
critically ill patients receiving mechanical ventilation. JAMA. 2014

Long-term complications of critical care. Crit Care Med. 2011



Psychiatric dx & psychoactive meds among
patients ¢ MV. JamA 2014

e 24 000 survivors of MV

 Psychiatric dx rate: 5.4% vs 2.4% (general
population)

« 9912 ICU survivors s prev. psychiatric dis:
new psychiatrist-diagnosed psychologic
disorder 1% vs 19% received one or
more prescriptions for psychoactive
medications.
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Table 4. Quarterly Adjusted HR Comparing Risk of Specific New Psychiatric Diagnoses and New Prescriptions for Psychoactive Medication in Patients
Receiving Mechanical Ventilation and Matched Comparison Cohorts With No 5-Year History of Any Psychiatric Diagnosis or Prescription

Mechanical Ventilation Matched General Population Mechanical Mechanical Ventilation
Cohort Matched Hospital Cohort Cohort Ventilation vs vs Matched General
(n=19912) (n = 10 240) (n=80477) Matched Hospital® Population®
Cumulative Cumulative Cumulative
Months Incidence, Incidence, Incidence, Adjusted
Since Events/No. Risk Events/No. Risk Events/No. Risk HR P Adjusted HR P
Discharge at Risk (95%Cl), % at Risk (95% Cl), % at Risk (95% Cl), % (95% 1) Value (952 Cl) Value

Psychiatric diagnosis®
Mood disorders

0-3 20/9912 0.2 8/10240 0.1 7/80477 0.01 4.79 =.001
(0.1-0.3) (0.04-0.2) (0.004-0.02) (1.94-11.81)

=3-6 13/8809 0.1 6/9803 0.1 20/80144 0.02 2.64 .08 6.74 =.001
(0.1-0.3) (0.03-0.1) (0.02-0.04) (0.90-7.74) (2.20-20.59)

=h-9 B/8592 0.1 4/9544 0.04 16/79710 0.02 2.81 12 4.97 .10
(0.05-0.2) (0.02-0.1) (0.01-0.03) (0.76-10.41) (0.75-30.40)

=9-12 9/8442 0.1 5,/9096 0.1 13/79278 0.02 1.53 .50 4.68 .03
(0.1-0.2) (0.02-0.1) (0.01-0.03) (0.45-5.22) {1.15-19.13)

Anxiety disorders

0-3 32/9912 0.3 19/10240 0.2 12/80477 0.01 3.11 =.001 35.59| =.001
(0.2-0.5) (0.1-0.3) (0.01-0.03) (1.63-5.93) (10.43-121.40)

=3-6 9/8796 0.1 719793 0.1 14/80140 0.02 1.94 25 8.92 .03
(0.1-0.2) (0.03-0.1) (0.01-0.03) (0.62-6.03) (1.31-60.61)

>6-9 B/8583 0.1 12/9532 0.1 7/79710 0.01 0.99 .99
(0.03-0.2) (0.1-0.2) (0.004-0.02) (0.34-2.89)

=9-12 3/8437 0.04 15/9076 0.2 17/79 284 0.02 0.20 .02
(0.01-0.1) (0.1-0.3) (0.01-0.03) (0.05-0.75)

‘ W' Antipsychotics
0

T T T T T
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"Depressive sx & impaired physical fx after ALL a
2-year longitudinal study." am s Respir Crit Care Med 2012

« prospective, longitudinal + Risk factors for incident

cohort study depressive symptoms

. foIIow—up 3,6, 12, and — education 12 years or less
24 months after ALL — baseline disability

« cumulative incidences of - unemployment
depressive symptoms — higher baseline medical
and impaired physical comorbidity .
function were 40 and — lower blood glucose in

o . the ICU.

66%, respectively.

« Risk factors for incident
impaired physical

function
Systematic review reported higher - Iohger ICU stay
incidence of depressive and PTSD — prior depressive
symptoms in critical illness survivors as 28 symptoms.

and 22 %, respectively.



Physical impairment

 [CU-acquired weakness is the most
common form of physical impairment
occurring in 25% or more of ICU survivors.

BRAIN-ICU study
¢ 32% were disabled in their ADL @ 3 mo.
e 26% were disabled in instrumental ADL

» /3% reported moderate/severe pain.



Griffiths et al. Critical Care 2013, 17:R100
http://ccforum.com/content/17/3/R100
C, crimcaL care

RESEARCH Open Access

An exploration of social and economic outcome
and associated health-related quality of life after
critical illness in general intensive care unit
survivors: a 12-month follow-up study

John Griffiths', Robert A Hatch', Judith Bishop1, Kayleigh Mc-rgan1, Crispin Jenkinson®, Brian H Cuthbertson” and
Stephen J Brett””

Abstract

Introduction: The socio-economic impact of critical illnesses on patients and their families in Europe has yet to be
determined. The aim of this exploratory study was to estimate changes in family circumstances, social and
economic stability, care requirements and access to health services for patients during their first 12 months after
ICU discharge.

Methods: Multi-center questionnaire-based study of survivors of critical illness at 6 and 12 months after ICU
discharge.

Results: Data for 293 consenting patients who spent greater than 48 hours in one of 22 UK ICUs were obtained at
6 and 12 months post-ICU discharge. There was little evidence of a change in accommodation or relationship
status between pre-admission and 12 months following discharge from an ICU. A negative impact on family




"Social & economic outcome associated health-
related QOL after critical illness : a 12-month
follow-up study." Crit Care 2013

293 ICU surivors

25% needed care
for >50 h/week, the

major =

ProviQs .

memk :

negats

family ¢ ..

50%r ]

e m p | C No change in Arranged leave from Reduced Hours Changed Job Gave up Job
employment work
6 months post ICU discharge M 12 months post ICU discharge

Figure 4 Changes in employment for family carers. Changes in employment status amongst families with care requirements,




Risk factors of PICS

Pre-existing

* neuromuscular disorders
« Dementia

« psychiatric illness

« comorbid conditions

ICU-specific

mechanical ventilation
acute delirlum

Sepsis

acute respiratory distress
syndrome



Risk Factors for Cognitive
Impairment
Delirium: independent risk factor for
cognitive i. in BRAIN-ICU study
Prior cognitive deficit: old age, ApoE

Sepsis: OR 3.34 (sepsis survivors vs
nonsepsis survivors) JAMA

ARDS: ~73%

Others: hypoxemia, alcoholism,
hypotension, glucose dysregulation etc



Risk Factors for Psychiatric Iliness

Sepsis

ARDS

Trauma
Hypoglycemia
hypoxemia

Pre-existing anxiety
and depression
Female gender

Age <50 years

Lower education level
Preexisting disability &
unemployment
Alcohol abuse

ICU sedative &
analgesia



Glucocorticoids associated c a
reduced risk for PTSD

« Reduced levels of cortisol play a role in the
development of PTSD.

Schelling CCM 1999

* retrospective case-controlled analysis, septic
shock

« stress doses of hydrocortisone (100 mg bolus,
followed by 0.18 mg/kg/hr)

 |lower incidence of PTSD in hydrocortisone group
(5 of 27 vs. 16 of 27; p = .Ol{

 higher scores in QOL questionaire (68 vs. 44
points; p = .009).



Risk Factors for Physical

Impairment
Sepsis « ARDS
MOF » SIRS

Prolonged MV (> 7d)
Prolonged bed rest

glc dysregulation
Vasoactive agents
Corticosteroids

NMB?



CLINICAL MENIFESTATIONS OF
PICS

Cognitive, psychiatric, and physical signs and
symptoms which are newly-recognized or
worsened after a critical illness.

Weakness

poor mobility
Poor concentration
Fatigue

Anxiety

Depressed mood



Cognitive impairment

Attention/concentration
Memory

Mental processing speed
Executive function



Psychiatric impairment

* Anxiety
» Depression
« PTSD



Physical impairment

Poor mobility

Multiple falls

Disability of ADL/instrumental AO|
Contracture of joint

Reduced lung function
Malnutrition



Diagnosis of PICS

« Cognition
— Modified MMSE, Mini-Cog
— Montreal Cognitive Assessment

« Mental health

— Beck Anxiety/Depression Inventory, Post-
traumatic stress syndrome 10-questions
Inventory

* Physical
— Neurologist, physical/occupational therapist
— EMG, nerve conduction study, spirometry



Short PHQ & PHQ-9
patient health questionnaire

Name: | Date:
Over the last two weeks, how often have | Mot at | Several More ‘ Nearly |
you been bothered by any of the following - A e R
problems?
Ower the past two weeks, how often have you been bothered by any of the following problems?
— - - - Little interest or pleasure in doing things? 0 = Not at all
Little interest or pleasure in doing things 1 = Several days
Feeling down, depressed, or hopeless 2 = More than half the days
3 = Nearly every day
Trouble falling or staying asleep, or slesping
too much B
Feeling down, depressed, or hopeless 0 = Not at all
Feeling tired or having little energy 1 = Several days
Poor appetite or overeating 2 = More than half the days
3 = Nearly every day

Feeling bad about yourself, or that you are

a failure, or have let yourself or your family -

down Total point score:

Trouble concentrating on things, such as

reading the newspaper or watching ] ]

television Score interpretation[1]:

Maving or speaking SG.SMW y that other ) PHQ-2 score Probability of major Probability of any

people could have noticed? Or the opposite, depressive disorder (percent) | depressive disorder (percent)

being =o fidgety or restless that yvou have

been mowving arcund a lot more than usual. 1 15.4 36.9

Thoughts that vou would be better off dead 2 21.1 48.3

or of hurting yourself in some way 3 28.4 75.0

Total =

o 4 45.5 81.2

PHQ-9 Score =10: Likely major depression. c 56.4 84.6
Depression score ranges: 6 78.6 97.9

5 to 9: mild
10 to 14: moderate |
15 to 19: moderately severe |

2201 severe |



PTSD checklist — military/civilian

Patient's name:

Patient's name:

Instruction to patient: Below is a list of problems and that
stressful military experiences. Please read each one carefully, put an "X" in the box to indicate how much you
have been bothered by that problem in the last month,

sometimes have in response to

Instruction to patient: Below is a list of problems and that
stressful life experiences. Flease read each one carefully, put an X" in the box to indicate how much you have
been bothered by that problem in the last month.

sometimes have in response o

Not at all |A little bit| Moderately | Quite a bit | Extramely

No. Response:

P (1) (2) (3) (4) (5)

1. Repeated, disturbing memaries,
thoughts, or images of a stressful
military experience?

2. Repeated, disturbing dreams of a
strassful military experience?

3. Suddenly acting or feeling as if a
stressful military experience were
happening again (as if you were reliving
ity?

4. Feeling very upset when something
reminded vou of a stressful military
experience?

5. Having physical reactions {eg, heart
pounding, trouble breathing, or
sweating) when something reminded
wou of a stressful military experience?

6. Avoid thinking about or talking about a
stressful military experience or avoid
having feelings related to it?

7. Avoid activities or situations because
they remind you of a stressful military
axperience?

8. Trouble remembering important parts of
a stressful military experience?

9. Loss of interest in things that you used
to enjoy?

10, | Feeling distant or cut off from other
peopla?

11, | Feeling emotionally numb or being
unable to have loving feslings far those
close to you?

12, | Feeling as if your future will somehow
be cut shart?

13, | Trouble falling or staying asleep?

14, | Feeling irritable ar having angry
outbursts?

15. | Having difficulty concentrating?

16, | Being "super alert" or wakchful on guard?

17. | Feeling jumpy or easily startled?

. Not at all |A little bit| Moderately | Quite a bit | Extramely

Me- T () () ) 4 (5)

1. Repeated, disturbing memaries,
thoughts, or images of a stressful
experience from the past?

2. Repeated, disturbing dreams of a
stressful experience from the past?

3. | Suddenly acting or feeling as If a
stressful experience were happening
again {as If you were reliving it)?

4. Feeling very upset when something
reminded you of a stressful experience
from the past?

5. Having physical reactions {eg, heart
pounding, trouble breathing, or
sweating) when something reminded
you of a stressful experience from the
past?

6. Avoid thinking about or talking about a
stressful experience from the past or
avoid having feelings related to it?

7. Avoid activities or situations because
they remind you of a stressful
exparience from the past?

8. Trouble remembering important parts of
a stressful experience from the past?

9. Loss of interest in things that you used
to enjoy?

10, | Feeling distant or cut off from other
peopla?

11, | Feeling emotionally numb or being
unable to have loving feslings far those
close to you?

12, | Feeling as if your future will somehow
be cut shart?

13, | Trouble falling or staying asleep?

14, | Feeling irritable ar having angry
outbursts?

15. | Having difficulty concentrating?

16, | Being "super alert" or wakchful on guard?

17. | Feeling jumpy or easily startled?

Total score: l:l

Total score: l:l




MRC Scale for Muscle Exam

Upper extremity: wrist flexion, forearm flexion, shoulder abduction
Lower extremity: ankle dorsiflexion, knee extension, hip flexion

« 0-No visible contraction

« 1-Visible muscle contraction, but no limb movement
« 2-Active movement, but not against gravity

« 3-Active movement against gravity

« 4-Active movement against gravity and resistance

« 5-Active movement against full resistance

Maximum score: 60 (four limbs, maximum of 15 points per limb)
CRITERIA of weakness = 48



Prevention

minimizes sedation & early rehabilitation

» Awakening & Breathing Coordination c

daily sedative interruption & ventilator
liberation

* Delirilum monitoring and management
 Early ambulation in the ICU



Treatment

 Treating underlying illness

« Timely referral to appropriate healthcare
providers

« combination of nonpharmacologic and
pharmacologic interventions



ICU diary

« RCT of 352 ICU patients.

 ICU diary by family members/healthcare
providers | PTSD 5 vs 13%.

* One systematic review of five RCTs, four
studies showed positive effects of diaries
on reducing the incidence of PTSD at

three monthes.

Mehlhorn, J,, A. Freytag, et al. (2014). "Rehabilitation interventions for
postintensive care syndrome: a systematic review." Crit Care Med 42:
1263-1271.




Cognitive therapy
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Take-home message: Cognitive therapy is

feasible during the earliest stages of critical

illness, yet long-term effects of this

intervention remain inconclusive. Future

work is needed Lo establish the optimal
e 4l e lmbnanlides A

- SRR, .
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PICS-family

Family members of critically ill patients can be
affected physically & psychologically during
ICU stay, persisting after discharge.

Sleep deprivation
« Anxiety

» Depression

« Grief

« PTSD



Summary

 PICS is defined as new or worsening
cognitive, psychiatric, or physical
function after a critical illness.

 Prevalence of PICS among critical illness
survivors Is estimated that 1/4-1/2 or
more will suffer from some component
of PICS (cognitive, psychiatric, physical).



Summary

 Risk factors are preexisting illnesses
(neuromuscular disorders, dementia,
Psychiatric Iliness) as well as ICU-specific
actors (MV, delirium, sepsis, and ARDS).

e Common features of PICS include muscle

weakness, poor mobility, poor
concentration, poor memory, fatigue,
anxiety, and depressed mood.

 Although recovery is possible, many of the
signs and symptoms of PICS last for
months to years.



Summary

« PICS may be prevented by a strategy that
promotes light sedation and early physical
rehabilitation during the intensive care unit stay.

« The signs and symptoms of PICS improve over
the first 6 to 12 months following discharge
from the intensive care unit. However, in many
patients, deficits persist for years.

 PICS is frequently associated with the inability to
return to work and decreased quality of life as
well as an increased risk of death over the
subsequent few years.



Summary

* Clinical manifestations of PICS-Family
iInclude sleep deprivation, anxiety,
depression, and post traumatic stress
disorder.

« The psychological effects may persist for
prolonged periods after discharge of the
loved one from the intensive care unit.

« We advocate for good communication
strategies between staff and family
members of survivors of critical illness.
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