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and New Zealand Intensive Care Society Adult Patient Database were linked. Logistic regression was used o

generste a predicted risk of death first from preoperative data using the previously validated Allprocscore.

Filip De Somer, Ph.D. and second on admission to an ICU using Acute Physiology and Chronic Health Evaluation IIl score. Change.
P - TIC The valdity of ARCTIC. atqualty
University Hospital Ghent was assessed by comparison with intraoperative variables and postoperative morbidity markers.

i Rewlts: Sixeen thousand six handred ity sven paiets a1 1 hospal from 2008 10 2011 were rtched.

Belgium An incesse in ARCTIC scors was assacatd it prolonged caropuimonary bypss tme (P = 001,
intraoperative blood product ransfusion (P < 001), reoperation (P < 0001, postoperative renal filre

(P <0001, prolonged venilation (P < 0001, and stk (P = 001
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o fo o Thoraisurgery EACT) How do we know that blood flow meet the
dutabassan inroducion metabolic needs of a patient?

The E

Peter Walon: jan . Gurmmert, Domenico Pagano* and A PiterKappeteir

By retrospective analysis of organ
function, blood markers and morbidity

“What we need is a multivariate online
analysis of risk during cardiopulmonary
bypass” chartes wildevuur

Which parameters?
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“ accp/sccm consensus conference

Definitions for Sepsis and Organ Failure and
Guidelines for the Use of Innovative Therapies in

THE ACCP/SCCM CONSENSUS CONFERENCE COMMITTEE:
Roger C. Bone, M.D., EC.C.P, Chairmar Alan M. Fein, M.D., EC.C.R.
Balk, M.D., FC.C.E Knaus, M.

Frank B. Cerra. M.D. Roland M. H. Schein, M.D.

R. Phillip Dellinger, M.D.., EC.C.E Willam | Sibbald, M.D., EC.C.P
* Body temperature: >38°C or <36°C
* Heart rate: >90 mint
« Hyperventilation: RR >20 min™! or PaCO, <32mmHg
« WBC: >12000 pL*! or <4000 pL!

PIRO concept

Predisposition: Premorbid illness with reduced probability
of short term survival. Cultural or religious beliefs, age,
gender.

Age, gender, EF, eGFR,
diabetes, REDO

Insult: Culture and sensitivity (infection) or infection Surgery, transfusion,
pathogens; detection of disease amenable to source hemodynamics, ischemia,
control. emboli

2 Creatinine, N diuresis,

Response: SIRS, other signs of sepsis, shock, CRP. delirium, 7 bilirubin, \J Pa02

Organ: Organ dysfunction as number dysfunction of failing || AKI, stroke, MCS, RRT,
organs or composite score (e.g. MODS, SOFA, RIFLE). ECMO

v
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Cardiopulmonary bypass related injury

Perioperative:
CABG 2,080 (709) 1228 (647) Ret

Valve 58 (16.6) 285 (5.1 11s  @osian o0s0
CABGTvaive 361(12.4) 355 (20.0) 231 (e227e) <0001
Off-pump surge 210072) 7640) os  ©x0sy  <ooo
Number of valves, mean = 5D 539 056 [ R = E e ——
Number of anastomoses, mean = SD 2 7 256 Lss 12 ©os 106 o133
Pump time (minutes), mean + SD 121555 Toi  (oiton | —oo0r
Pump time 120 (minutes) 579 (163) 207 amo23e  <0om
Cros: (minutes) mean » SD 7742386 Lo1  aorioy  <ooor
Cardioplegia time (minutes), mean = 5D 207 =66 EEC R = ——
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Causes

Cellinjury and
celldeath

* Changes based on metabolic needs

* Usually in the range of 2.8 to 3.0
L/min/mq
* May increase up to 15 L/min/m?

* CO with arterial oxygen content,
determines the oxygen delivery (DO2)

* Guaranty oxygen need (VO2)
* Pulsatile flow

¢ Hematocrit: 40 — 50%
¢ Normal cardiac function
¢ Normal vascular volume
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DO, and VO,

VO2 [mL/min]
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Hematocrit on Cardiopulmonary Bypass and
Outcome After Coronary Surgery in Nontransfused

Patients

Marco Ranucci, MD, Daniela Conti, MD, Serenella Castelvecchio, MD,
Lorenzo Menicanti, MD, Alessandro Frigiola, MD, Andrea Ballotta, MD, and

Gabriele Pelissero, MD

Depatments o Ctthorsisnd Vasulas Aneths ad nensive Care Unt ad Cardie Srgry nd Scintc Dot

1RECS Policlinico 5. Donato, Milan, Il

Backgrond. Preoperative anemia and the lowest reg-

st hematocit an cardiopulmonary bypase wer found to

istered hematoerit value on bypass are
recognized risk factors for morbidity and mortality after
coronary operations. A low hematocrit often results in
blood transfusions with all of the associated possible
complications. The relative contribution of these three
factors to lang-term outcome is still not well established.
This study aimed to identify the role of preoperative
anemia and hemodilution during cardiopulmonary by-
pass as determinants of morbidity and mortality after
coronary operations.

Methods. A consecutive series of 3,003 patients was
analyzed. They had all undergone isolated coronary
operations without receiving blood transfusions during

tay. The preoperative hematocrit and the

o cardiopulmonary bypass were an-
tivariable model m predictors of major
morbidity and operative mortali

Tesults, Ater adjustment for the other explanatory
variables, both the preoperative hematocrit and the lov.

bu« not
for operative mortality. However, ow values of p

ive ematocnt ere not sssociated with an incressed
morbidity, provided that the lowest hematocrit on car-
diopulmonary bypass was maintained above 25%. Me-

Towest
bypass below 25% were associated with an increased

pulmonary bypass is a risk factor for major morbidity
cven in the absence of blood transfusions. Techniques
that aim to reduce the fall in hematocrit during cardio-
pulmonary bypass, including bload cardioplegia, may be
useful, especially in patients with a low preoperative
hematocrit.

(Ann Thorac Surg 201089:11-5)
© 2010 by The Society of Thoracic Surgeons
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Hemodilution and CPB
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Haematocrit during CPB

cCaNwROON®©O©OD

Nadir haematocrit [%]

Hematocrit during CPB

No.of Patents

_"’“"’””“"’“” V/A/W?
)
Nodic HCT (%)
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Results —
Systemic variables

Cardiac Index

Mean Arterial Pressure

mmHg

Haemoglobin

pre PB30'  CPB6O

*p<0.05,* p <001, p<0.001

Post CPB.

I

Pre  CPB30' CPB6O' PostCPB

Pre  CPB30' CPB6O' PostCPB

Systemic and renal oxygen delivery

¥
* *x *
~-D02I
a0

4-RDO2

50 20
0 o
PreCPB _ CPB30'  CPB60'  PostCPB

*p<0.05,* p<0.01vsPre

nnemyr 201

11

21/01/2026

Renal oxygen extraction NAG - Excretion
0.2
1
* ,—} 1
Y.
0.15 10
8
01 +—— ,g
=)
8
0.05 2
0
Pre CPB CPB 30' CPB 60' CPB 120" Post Post 24 hPost
0 CPB30' CPB60' CPB
Pre CPB 3 CPB 60" Post CPB
05.***p < 0.001vs Pre

Oxygen Pressure Field Theory: Krogh Cylinder Model

Capllary racius: 1= 5y
Gaplary X-section : A = = 78.5 *
Gapillary X-section

Ratio: < derxsscion = 1/4

Gylinder radius: A = 10
Gylinder X-section: A = xRé= 314 4°

Highest ptO2: 79 mmHg

———> OPFRange:79~1mmHg < LowestptO2: 1 mmHg

02 it
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Impact of velocity Improve diffusion component
1/
Axial Vectors & Oxygenation of the Lethal Corner: Axial Vectors & Oxygenation of the Lethal Corner: Y g 3l § T E—
Room Air paO2 & Normal Intracapillary Blood Flow Velocity Room Air pa02 & Slow Intracapillary Blood Flow Velocity 3
H
£
E® Rightvard hi i
£ § Tomportis
o o0, presure
23 diphosphoghycerats
A
3
)
%
o
5 lobin dissociation curve. The cure shifts (o the right with
20% of oxygen supply venous end 80% of oxygen supply venous end e of anygen tension gradint an iffsion diance on by of - nreved and 2.3 B
axygen to calls

Improve diffusion component

Axial Vectors & Oxygenation of the Lethal Corner:
Hyperoxia & Slow Intracapillary Blood Flow Velocity

Ooygenuptte (miminkg)

O 5 0 15 ®H 0 5 10 15 D
Oxygen deivery (i) Ouygen delvery (miming)
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A Original Krogh concept
A/‘A‘rf.enai
CO, removal s N y

Capillary

Oxygen content

KcGhiCIhder Position along capillary

B Current understanding of complexity

Capillary
network

Tissue-=3Mitochondrial
utilzation

CardiacIndex = 129 + (w1002

Cardiac Indox = 12 + pIv-81002
C1=129410=13 Umin

! la120+52 280

Congestion and microcirculation

ANOXIC & IYPERCAPNIC
LETHAL CORNER

[] arteriole
[ capillary
““j { ) Bl venule
i g <= convection
g <m - diffusion
LT coRR ﬁ

gﬂ
Ka\

>
A
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Regulat

ing mechanisms

C Dilation

vasodilation
/

Vasodilator,

17
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MAP 90 mmHg

MAP 60 mmHg

T-3min  MAP 30 mmHg

Hypoperfusion vs congestion

Mean arterial and py

i and MPAP), py
(CO), mixed turati

(8v02), and arterial pH and
ocelusion, n = 7) and SMVO (superior mesenteric
vein occlusion, n = 7) groups

R%0 R0 m20
MAP, i Hg 122282
102 92
MPAP, mm Hg 1582
Wax22
PAOP, mm Hg 741
59+ 16
0, Lmin 28+ 01
1902
Arterial lactate, mmold 10= 01
22+ 04
Avterial pH 74002
739+ 0020
Arterial B, % %917
5-21

60, and R120,
Dataare presented s mean + standard error of the mean.

=P < 005 vernus bascline.

P <005

18
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Hypoperfusion vs congestion

Intestinal oxygen delivery, consumption and extraction ratio (DOyintest, VOsintest and O,ERintest), and
ic vein pH and it (Ht) in SMAO (superior ic art lusion, n = 7) and SMVO
(superior mesenteric vein ocelusion, n = 7) groups

Group BL 1145 R30 R60 RI20
DO, intest, mLmin SMAO 677299 455 75"
SMVO 799+ 105
VO, intest, mLmin SMaO 49202
sMVo 5812
OJER intest, % SMa0 5011
sMvo 5716
Mesenteric lactate, mmoll  SMAO 09+ 0.1
sMvo 15 - 0.
Mesenteric vein pH. SMAO 738002
SMVO 735002
Mesenterie vein SMAO 872217
H, % SMVO 39212

Hypoperfusion vs congestion

4 — be —— OSMAO

mv-a lactate
mmol/l

BL 11-45 R30 R60 R120

19
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Congestion

co:
Muligo capilry s

INCREASING EDEMA

DECREASING PCD

Increased RAP

. P oms

MFI (vessels < 20 micrometer)

8

20
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Low convective Large diffusion
flow

distance
21A c
| \ /
i o\ . / v
5 2|\ Optimal | .
;  2[\\ fluid volume | /
; RN / J}
QOO0 g\ /|
5
Convection B Diffusion
limitation ol limitation

Fluid volume

O

Optimal fluid volume

Hypovolemia

o Suriors  —BmSuriors with complctons mimNonsurrs
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VO, and hemoglobin

VO, [mL/min]

2.5/min

CO=51/min
Sa0, = 99%
Sv0,=75%

DO, and VO,

0,ER=40%
300 SV0,=60%

250

N
13
S

V02 [mL/min]
[P
S &
g g

«
o

0,ER=30% 0,ER=25%
Sv0,=70% Sv0,=75%

0 100 200 300 400 500 600 700 800 900 1000

DO2 [mL/min]
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Hypothesis Hematocrit during CPB

Lowest HCT on CPB is associated to:
Reopening
Bleeding
Perioperative MI
Cardiac arrest

« If DOz is a prime variable
« If most perfusionists work with a fixed CI

Stroke
Coma
5 ! Prolonged ventilation
Must hemoglobin influence quality of Perfusion £ LABP” -|
enal fallure

MOF

. . DO, 272 mi -min it yalid
Haematocrit during CPB
75 { Specificity 68% 77
\ A
10 z 7 :—K HCT26%
9 £ 50 o Sensitivity 64%
8 -
; ;
il
6 =
5 I
4 mTotal N/100 ~
2% ARF-D °
3 0 2 50 7% 100
2 1- Specifioity
1
A AR T
Nadir haematocrit [%] o dctominantsof ovygen dlvergt HOT = hemtcrt)
Gip
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Optimal flow and outcome Stenememrsiis e et

2
g Al
y 1 J S ———— . . o
< 5 UK B et (3] o2 4872 os w0 oss
"_‘ Patients with catecholamines on admisson to ICU () 10 7 057
-4 O High Hct N=640 Patients withcatechobimines b after adnisson o 10U (3 s 2 oe2
ES B Low Hct N=53 Patients with dopamine 18 h aer admiseion 10 10U () 2 1 053
=3 H High Hct N=113| sy Gl 1)
= PUMP Ouestion ot vertator support oues) T s o o1z 038
g 2] OLow Hct N=242 [ER— ' B om
Q ‘Gombined endpoint of organ failure (n) 8 10 087
=< P

0 Duation of ICU stay thours) 2 2124 2 21-28 024

Cow D02 : !

Optimal flow and outcome Optimal flow and outcome

Basic pationt characteisics

Charctartc Hormatoert 25% Horatorn 20% » ntseporative outcome messures

Wedian ) Wedian )
poe s w w7 - st o0 Outcoms mssurs [— Hamsocrt 200 »
Vedan ion Median or

Gonder (ralrfomi) 202 200 ouo

Heght ) 17 7 s e oas 22 20297 22 038 oot
Weehi te) w aomt00 - aoot00 052 [——— s sosso  ses  seasso o1z
Sy mass n b e 0022 e ser20  om Curatio noroincptrine dosaga during CPB (n) oos  ooe010 o003 00008 013
Preapaat bttt ) e 0aton o wedns  ose Dopanine dosage forweaningom CPB sgrkg/minu) 0 00-30 s oo om
Durationof sresthsia (minuss) 00 20320 s10 0 oz Patiers with caecholrines o weaning from GPB (r " i 078
Ouration ot sy (i) 0 tooam 208 sase o0s Pationtswithnraari balloon punp for weaning fom CFS 1) 2 o 040
P8 o () . s 73 et 050 Pationtswithscutecaci s cuing wesning o CPB (o) 3 2 100
ot cress clamp e (e - asse - ot e Uinevolura dusing GPB () e orsse ws s o7
APAGHE I s . oot o . o "Gl oo s, B, caropimorany ypese 1OR. marquaia g

APAGHE.

erquare ange

D02 @ 25% = 356 mL/min/m?2 D02 @ 20% = 287 mL/min/m2

> 270 mL/min/m?

25 26




21/01/2026

What if flow cannot augmented?

hington.edu/chu

Survival (Fraction)

o085

Blood transfusion: the answer?

Survival (Fraction)

Pt sk s — woan
S A
- 085 -
o w ® @ P
Months after CABG Months after CABG

27
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A) AllGause Mortally

8) Cardise Mortailty

Blood transfusion the answer?

©) Non-Cardiac Mortlly

o)

°°f penace
FRsTaonerisy

NoTan

cum. Incidence (Fraction)

cum. Incidence (Fraction)

it

peommo
R sas

e

peoom0
TReTsrs1en

12RBCROMD: 125(112141) | bt
4RBCnonLD: 141 (121159 ——t
£7RBC nonLD: 167 (126201) ——
12RBG LD: 111 (0581.26)
34RBCLD: 134 (112:160) —e—i
S7RECLD: 230 (170:311) ——

Blood transfusion: the answer?

12RBC noNLD: 111 (098-125) —e—t

34RECHONLD: 112(091135)  +H—8—t

57 REC nonLD: 118 092-1582) - +——8——4
12RBC LD 091 086-1.11) - 14

—
34RBCLD: 104 (085-126) - i@t

5TRBCLD: 154 (1.11215)

14 2
HR

=)

28
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LogRank <0001
£

g Red Blood Cll Transfusion.

2 o
No Red Bood CellTransfusion
P £ o % )

wna m o we owe e weom Time (days)

e e At 3050 3007 w0 2960 B9 206
s o FE H et 7 e 7% o -
P e i H * ) nomacr: 2284 w1 286 ) m 28

Association Between Anemia, Bleeding, and
Transfusion with Long-term Mortality Following
Noncardiac Surgery

NathanieL . Smilowitz, MD," Brandon s Oberweis, MD," Swetha Nukala, MBS, Andrew Rosenberg, D, Sibo Zhao, M,

Jinfeng Xu, Ph,* Steven Stuchin, MD," Richard Torio, MD," Thomas Errico, MD," Martha J. Radford, MD,"
Jefiey S. Berger, MD, Ms™"

-

New Yorks . Deparment
of Medicine, Columbia Universty Medical Cente, New York, NY: “Division of Vascular Surgers. Deparonent of Cliical Qualit and.
Clinical Effctveness, *Division of Vascidar Surgers, Deparment of Anesthesiologs, “Division of Vaseular Surgery. Deparment of

opedic i Divisionof Surgers, “Division of H
and "Division of Vascular Surgers. Deparment o Sursers. New York Uniersiy School of Medicne, New York.

Transfuse or not?

oy sarious camphcatin:

Unpianned et 1o OR

oo o v ransisen
peraive morsiy- ema oy
Transh
Soih anema & tansiusn,

sepsis

Wound compeston

Postaperstive Camplcation

Ronataiur s

@
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AKI, anemia and transfusion

{
;
(Z 6 % §

Was transfusion efficacious?

Tansusion ect
@
O ey

5V0;change = 50— 0710,
R'= 0433 P=0001

Pre - post ransfusion SvO2 change (%)

L]

LI
Pra - ransfusion SvO2 (%)
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Acute Kidney Injury and Hemodilution During

Cardiopulmonary Bypass:

A Changing Scenario

Marco Ranucci, MD, FESC, Tommaso Aloisio, MD, Giovanni Carboni, CCP,
Andrea Ballotta, MD, FESC, Valeria Pistuddi, Lorenzo Menicanti, MD, and

Ales
(SCORE) Group

andro Frigiola, MD, for the Surgical and Clinical Outcome REsearch

Vascular Intensive Care and ndi IRCC:

Donato, Milan, Italy

Background. Severe hemodilution during cardiopulmo-
nary bypass (CPB) is a risk factor for acute kidney injury
(AKD) ater heart operations. Many improvements to CPB
technology have been proposed dunng fhe pa~l decade to

B g A S e B Be
miluion daing CPB and AKI in cardiacaperations in

tive patients undergoing heart operations from 2
2013, Various sk factors for AKI were collced and

e g Hecs:of thesrilatlonsiln Entwen 1. mal
Rematowit (1CT) value during CPB and AK.

Resil) e Hecanlbeiveen Tiwaud MRl
during CPB and AKI was confirmed in a multivariable
maalygi;with e elaivwlaeof A KT Icreasi by T pee

percentage point of decrease of the nadir HCT value dur-
ing CPB. The relative risk of AKI decreased by 8% per year
sl shemalisguim o o itecyipn s piotion]
risk of AKI (p

0.001). A policy restricting angiographic exami-
nation on the day of operation was also useful (reduction
of AKI rate from 4% to3.7%; p =

RS ST S TS
atlimiting the renal impact of hemodilution during CPB
B et n reducing the AKI rate.

(Ann Thorac Surg 2015;100:95-100)
©2015 by The Society of Thoracic Surgeons

Table 2. Renal Risk Factors ofthe Patien Population in the Different Perods Considerai
Feriod <GFR Dibetes  Redo  Nonclecve Nomisobied 1AW CPB
(Norof patients) _ Age y) _(mUimin) LVEF(%) (%) Operations (%) Operations () CABG (%) _Use (%) time min)
0201710 614007 63 S6MLY 126 W 24 FrRTRNETTE
20022003 2698) 6L TIBGH 0416 141 54 0 ©s 0 78Ge
OIS (006 45116 HIGH SN 138 55 s ©3 08 mioe
2062007 2313) 63019 7265 R0MY 121 &2 a5 w5 0s macy
20082000 (1829) 6590123 787 (6) SHI(LY 141 6 31 1 0s maen
2000:2011 157) 6590135 %I H1(120) WS P 36 @7 20 wiey
WRW3Q0M 63030 BEGSH WSS 181 81 82 @713 seow)
prolve (eteeen 0001 000 0001 0001 oo oon o oom oo
periods)

«<m PR —

canc. cm
il pumpy | LVEF 1o veniculsr dection facion

Table 3. Renal Risk and. puation in the Different
O Ratio 95%Cl)__p Value for
AK  NadieHCTValue  AKIRateat for AKI Avo Funcon Univariate
Paionts  RRS  Rate  DurngCPB(4)  Nadir< 2% of Nadie HCT Value _ Assodation
7 ean Dies 896D 092 038-096) 001
24 1%01) TEWH 2867 059 054-055) o0
306 1301 20O 26666 095 091098
2313 %264 093 ©39-058)
189 ves|  wan 085 079-093)
mo-2m 2157 so9 | w6y 085 030-091)
203 207 saey | moan 091086057
Toul 16790
P value between oo oo oo
dods)
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id Low priming volume circuit and oxygenators —

Centrifugal

Goal-directed perfusion ———
10 Restrictive policy of angiography
—_—

Ultra-low prime oxygenators
—

gﬁﬁﬂﬁﬁﬁﬁ

20002001 20022003 20042005 20062007 20082009 20102011 20122013
Period of observation

AKI stage 2 rate (% with 95% C.I.)
@

— 2000-2007

— 2008-2013

AKI stage 2 rate

—
14 16 18 20 22 24 26 28 30 32 34 36 38 40
Nadir HCT (%) on CPB
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Maintain red blood cell mass

* Low priming volume

* Retrograde autologous priming
« Limit fluid delivery

« Ultrafiltration

DO, as a goal

«Scarce information on DO, during CPB

+With a constant pump flow, DO, is direct related
to Hct

»Most CPB cases are performed at 32 - 34°C
*Pump flow = 2 - 3 L/min/m2
*=> Hct = cte => DO, varies with 50%

33
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ANEMIA

vo,
Ccepia/min ¢

: LacTaTe
(mmoiit) «

vo. o
(ee/wg/min) Bl
B (mmotrt)

LOW CARDIAC OUTPUT ']LOW CARDIAC OUTPUT
' » v

WL A P T * N

Uk S

vo: *
ceamn + (mmolit) |

Temon tas .,

)

W W = ~
DO (cc/kg/min) DO (cc/kg/min)

"“J:f";

Cilley 1991

Lactate as marker
H Mortality B Major complications

50

30

20

Immediate HL Late HL No HL
N=67

Maillet 2003
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Rt e VCO: - VO:

vo,
tee/kg/min ¢

0 0 = = = 1600 N
Anaerobic
HYPOXIA 1400 threshold
i T 1200
® 5 f,u:\n\’l""“l u o s ? ' H
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How do we know that blood flow meet the
metabolic needs of a patient?
By retrospective analysis of organ
function, blood markers and morbidity
“What we need is a multivariate online
analysis of risk during cardiopulmonary
bypass” chartes wildevuur

DO,i => what we give to the patient
VCO,i => what we get from the patient

Bypass interval (min)

Variable Baseline 3
pH 7462002 747201
Paco, 322 2419
Pao, 310+ 201 312 341
Arterial bicarbonate 7112 24408
Het B 146+ 16"
Temperature (CY 7304 74203

Hat = hematocrt
* Temperature was messured nasopharyngealy.
*P <005 compared it beslng valoe,

©

©
En X
ful X .
fa
g N - .
& w . 730 ot
[ 3t =y 225 [ o v .t
X2
£ Dy I

120
© D e
@ % ® — @ & % ®

Minutes on Bypass

Minutes on Bypass
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“current guidelines for calculating pump flow during
normothermic bypass may be reconciled to better match
prebypass systemic oxygen delivery with oxygen delivery during
CPB.”

McDaniel 1995

Table 2. Univariate Analysis of Osygen-Carbon Dicxide Derived Parameters and Offer Intracperative Variabies at Arerial
ctte Determinations Below o Above the Threshold Value (3 mmol/L).

‘Acterial Lacttes = 3 mimollL.

‘Arerial Lactates > 3 mmallL
Parameter =13, e

525 o7
78 207 s
stas 152 rpee <oom

<o
oo
oo
oo
oo
Pucy
Voo = ey
Table 3. Receiver Operating Charactriste Analysis and Relatie Catof Values
Facor uc » Cuto Value Sensiivity Spectcy
[osivees [y oo ey e
Veou = oot w7
VeogiVosi o83 oo o

Indexed” VeogVosi - respratory quotent.
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Sensitivity

0.00

0.00

T

25 50 75 1.00

1 - Specificity

CO, can be measured in real time

39
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CO, production

VCO, =

Arterial Outlet

Arterial Sampling Port

40
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Capnography oxygenator exhaust

o
H e
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O'Leary 1999

Capnography oxygenator exhaust
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« ATP: Ambient Temperature Pressure (room air)

« ATPS: Ambient Temperature Pressure Saturated (H,0)

« BTPS: Body Temperature Pressure Saturated (H,0)

« STPD: Standard Temperature (0°C), Pressure (1ATM), Dry

Gas laws

Vi Vo PV,
Pir—=Py—>-—"—
T1 T, TV

(Pbaro — PH20)-273.15K
Pbaro'(Tart)

——————————————————

VSTPD = =0.826

Taink

.

2
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Water vapor and temperature

Water vapor [mmHg]
8
H
S
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Conversion ATPS to STPD
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Temperature [°C]
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Example

» eCO, = 36 mmHg/760 mmHg = 4.7%
* Qgas = 3000 mL/min

* Poarometric = 760 mmHg

* T, = 20°C

*BSA =2m2

ATPS versus STPD

n n n n
70 o
I I I | I | I |
0 I I I
20°C 37C

30°C 35°C
mCO2 mCO2 corrected

@
3 3

V€O, [mL/min/m?]
W ow
8 3

BN
5 3

44
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for venous return. Lowest core body temperature during
CPB varied from 27°C to 37°C as requested by the
surgeon. Body temperature was measured at the naso-
pharingeal site and at the rectal site. This last tempera-
ture was considered for correcting the values of blood gas
analyses. The perfusate temperature was measured at
the oxygenator site and used for correcting the values of
exhaled carbon dioxide. Antegrade intermittent cold

mm Hg. The gas flow was initially settled at 50% oxygen
to air ratio and a 12 flow ratio with the pump flow
indexed, and suk il din orderto intai

an arterial oxygen tension greater than 150 mm Hg and
an arterial carbon dioxide tension between 33 and 38 mm

-

Do NOT treat PaCO,

o 66 &
s
2
I I 3‘
251PM 3.01PM 3.51PM
Sweep rate [L/min]

mPaCO2 mVCO2i(cor)
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Scavenging of volatile anesthetics and
capnography

Scavenging of volatile anesthetics and
capnography
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Scavenging of volatile anesthetics and
capnography

Hb - 82T
du
de = 1.34ML
am
520, = 99%

-5
- 3.666-107° "L
Kolood mmHg-mL

Pa0, = 150mmHg

- - s5sL
DO, = [(Hb-cte-5a0,) + (Pa0; kpjgqq) - CO = 558 ==

Calculation DO, and VCO,

Hemoglobin concentration

Maximum transport capacity hemoglobin
Arterial oxygen saturation

cardiac output or pump flow

oxygen solubllity in blood

Partial oxygen tension
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ecop = 40mmHg

Pharo = 760mmHg

o
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[ —
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Pharo(Tblood)

mL
Veoze = Veoz VsTep = 8970~

Gas flow

Oxygenator exhaust CO,
Barometric pressure
Uncorrected VCO,

Water vapor tension @ Thigog
Atterial blood temperature

Conversion to STPD, CAVE
Thiooa s converted to K (°C +
273.15)

Corrected VCO,

Oxygenation
m L 2
Ho = 8020 —as = 55h = Lo
T Qlood i
a0, = 99% Pa0, = 150mmH¢ K = 3.666-10° L
2 2 g Blood = 3 gL
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(Pearo~ Pioo) 27315 ecop

" _ ForoTaood " Famo
Coz_Gomnect =~ pe

DO2¢onnect

Veoa_connect

Pharo = 760mmHg

48




21/01/2026

Develop an algorithm
DO0:/VCO: ratio <5

!

Augment pump flow

Increase Hb content

Decrease T, check anesthesia level

de Somer et al. Gitical Care 2011, 158192 @
hip/cforumeomycontent/15/4/192

CRITICAL CARE
RESEARCH Open Access

O, delivery and CO, production during
cardiopulmonary bypass as determinants of acute
kidney injury: time for a goal-directed perfusion
management?

Filip de Somer”, John W Mulholland2, Megan R Bryan?, Tommaso Aloisio®, Guido J Van Nooten' and
Marco Ranucd®”

Abstract

Introduction: Acute idney injury (AK) is common after cardiac operations. There are different risk factors or
determinants of AK|, and some are related to cardiopulmonary bypass (CPB). In this study, we explored the
association between metabolic parameters (oxygen delivery (DO,) and carbon dioxide production (VCO,) during
CPB with postoperative AKL
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P DO2 < 280 D02 2280
Outcome » mL/min/m* mL/min/m? P
(e N= 181 N=173
75 54 21
Any AKI 0.001
WA @12%) | (29.8%) (12.1%)
AKI
stage 1 &l % © 0.007
(8.8%) (12.7%) (4.6%)
AKI 44 31 13
stage 2-3 | (12.4%) (17.1%) (7.5%) o00e

——————————————————

Goal Directed Perfusion:

What we know

- Patients who experience a nadir DO2 on CPB < 272 mL/min/m2
have a higher rate of AKI following cardiac surgery

« This information is coming from retrospective trials, and
registries

« This is called «an association»

50
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Goal Directed Perfusion:

What we don't know

« If we intentionally avoid low levels of DO2 through a GDP
technique, will we be able to reduce the AKI rate?

» This is called «causative effect»

+ To demonstrate that a strategy, a drug, a technique, is able to
change the outcome, we need a RCT

GIFT

Prospective, randomized, controlled trial
+ Multicenter
10 Institutions in Europe, USA, New Zealand
+ Co-ordinating Institution: IRCCS PSD
Ethics Committee Approval at IRCCS PSD

+ Registered at clinicaltrials.gov NCT02250131

+ Centralized data collection at IRCCS PSD
Statistical analysis at IRCCS PSD

+ Spontaneous study with the external support
of Sorin Group.

+ Sorin Group shall provide resources for steering
committee meetings and GDP monitor

51

The GDP Trial - protocol

GDP monitor
NO Blood prime (withdrawal)

Priming volume and nature
according to local standards
Perfusion targeted on BSAand *C

Perfusion pressure according to
local standards

Transfusion triggered by HCT
according to local standards (<20%7)

Postoperative care according to
local standards

GDP monitor

NO Blood prime (withdrawal)
Priming volume and nature
according to local standards
Perfusion targeted on DO2 > 280
mL/min/m2

Perfusion pressure according to
local standards

Transfusion triggered by HCT < 21%
and V02 < 68% and/or O2ER > 40%

Postoperative care according to
local standards

D02, V€02, and DO2/VCO2 data adjudication

- NADIR DO2: maintained for at least 10
minutes (2 consecutive measures)
= Same for V€02, and DO2/VCO2

21/01/2026
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Events (%)

80-
75-
70-
65-
60-
55-
50-
45-
40-
35
30-
25-
2-
15
10-

5

o

PRIMARY ENDPOINT
CPB 1h-3hs

Creat increase.

21/01/2026
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0= GDP
3 CONTROL
@
Any AKI
35 OR. 2.5
g Any AKI AKI 1
g 5 OR 26 OR 20
Ranucci 2006 De Somer 2011 Magruder 2017 GIFT
) necti sensity ’
observational matched controlled

Example

« 45y female

* 45 kg, 1.49 m2

« CI (2.4 LPM/m2) = 3.6
« Baseline Hb: 10.7 g/dL
*« AVR + MVR

|
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?n?[og’;’mm; Mo o wm we ose o 45 y.o. female, 45 Kg., 1.49 m2
Pa02 [ s e w@ U5 6 20 1% 2.4 CI = 3.58 LPM, AVR MVR, Sorin Inspire™ 6
o oma) e T A R R R .
s ws  wm w7 s Baseline Hgb = 10.7
0, (vl 1 s s s a & o«

5 w0
g i) o mm a0 a0 w0 ;w2
o, [mmH] © o @ e m % @ e Temp HCT
Vo2 il w7 wm  mn 7 s @ @B 00 oo 0w
00, imtml Sa2s 3 ama wss w906 soisi 0w 00 000
e ——— 5 3.64 99 352 /&3 24 299 .

VeO, [mmin] 7553 8974 748526 8077 10378 000 00
VCO, [mifmin]
0, SO0 #DO #DIVI0!
2 AKI Score
Lactaat [mmali] w22 2 s o o 0 o o o

Pre-op creatinine = 1.07 mmol/!

Peak post creatinine = 0.77 mmol/I

M

[ —
H

35 y.0. male, 136 Kg., 2.55 m% BMI = 45

Importance of time 2.4 Cl = 6.1 LPM, IBW = 75 Kg, IBSA = 1.9, Ideal 2.4 CI = 4.56 LPM
Redo PVR RVOT repair, Baseline Hgb = 12 g/dL

70, W Time <DO,i** >15 min

- W Time <DO,P <15 min AKI Score
S50 P=.002 P<.0001 = e
£ N < 001) IR ETEA) Pre-op creatinine = 0.97 mmol/I

i

£ ! S0 082 [ post creatinine = 1.12 mmol/I
FEY | 52
& i
£ 20| L 125 50

10

Perfusion time >121 min  Perfusion time <121 min
B
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73 y.o female, 61 Kg. critical AS, baseline HCT 27%, CBF Risk
Q, 100% = 3.72 LPM , BSA = 1.55 M?
MAP goal > 70 mmHg

o2/ veo2i

1.08 1572
AKI Score

Pre-op creatinine = 0.86 mmol/!

FRVIBEY] Peak post creatinine = 1.11 mmol/I

Why does it not always work?

What we need is a multivariate online analysis of risk during
cardiopulmonary bypass Charles Wildevuur

Which parameters?
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Effect of mean arterial pressure, h lobin and blood transfusi

&'

during cardiopulmonary bypass on post-operative acute kidney injury

Michael Haase', Ril}aldo Bellomo®, David Story®, Angela Letis®, Katja chqlz'< George Matalani:
Siven Seevanayagam’, Duska Dmgun" Erdmann Seeliger®, Peter R. Mertens” and Anja Haase-Fielitz”

"Department of Nephrology and Intensive Care, Charité—University Medicine Berlin, Berlin, Germany, *Department of Nephrology
and Hypertension & Endocrinology and Metabolic Discases, Otto-von-Guericke-University Magdeburg. Magdeburg, Germany.
3Department of Intensive Care, Austin Health, Melbourne, Australia, *Department of Anacsthesiology. Austin Health, Melbourne,
Australia, *Department of Cardiac Surgery, Austin Health, Melbourne, Australia and “Institute of Vegetative Physiology.

No AKI Adj OR
Variable AKI(N=179) (N =741) P univariate (95% CI) P multivaniate
0
AKICS Score, points [3]" 58(39-81) 43(2663) <0001 1.09 per point increase (1.04-1.15) <0.001
Emergency® 25(138%)  22(.1%) <0001 436(231-822) <0001
etum to operating room, 1 34(190%  52(.0%) <0001 274(168449)  <0.001
Arial fibrillation, n 47 (26.3%) 69 (9.3%) <0.001 266 (1.69-4.17) <0.001
Intra-aortic balloon pump. n_ 19 (10.6%) 25 (3.4%) <0.001 1.27 (0.61-2.66) 0521
Metrsoparaiive sariables sidel WSO
Haemoglobin concentration, g/dL?
fedian® 81(74-93)  87(17-97) <0001 1.18 per g/dL decrease (1.02-1.34) 0028
Lowest® 74(64-8.6) 82(7.0-93) <0.001 1.16 per g/dL decrease (1.03-1.31) 0018
Variability, % 12(06-22)  09(05-1.5) <0.001 1.10 per % increase (0.94-1.28) 0239
Arierial O, content, mL/dL®
edian® 122 (11.2-13.9) 13.0 (11.6-14.4) <0.001 1.13 per mL/dL decrease (1.02-1.26) 0.027
Lowest® 109 (9.6-12.5) 12.0 (10.4-13.5) <0.001 1.11 per mL/dL decrease (1.02-1.22) 0.018
Variability. % L70830)  12(07-2.1) <0.001 1.07 per % increase (0.96-1.20) 0241
= TR IHBTOEIH W NA N

19,272 NA NA
Red blood cell transfusion, mL* 750 (500-1000) 500 (250-750) <0.001 1001 per mL (1.000-1.002) 0013
TOpTCSSOTS
Metaraminol,

35(19-65) 35(1560) 082 NA NA
23(1345) 0007 105 (0.95-1.16) 0334

49(22-85)

685 (64.0-73.0)680 (64.0-73.0) 0841 NA NA
310 250-360)320 (255-363) 055 | NA NA
167 (14.1-19.7)17.0 (143-19.6) 039 | NA NA

032 (0.13-0.66)037 (0.17-0.69) 0304 | NA NA

/C MAP, min

<60 mmHg" 149 (086-2.68) 151 (093-2.58) 0.673 | NA NA

- <70 ms* 527 (3557460517 351-738) 0986 | NA NA
wep
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P<0.001

AKlincidence, %

Hypo nsion Hypotension
AN e WITHOUT Hypm.mmn WITHOUT Anemia

T6iTech,

|ati

ORIGINAL RESEARCH ARTICLE @
ngh Target Versus Low-Target Blood Pressure

Dul C rary Bypass to
Prevent Cerebral Injury in Cardiac Surgery Patients
A Randomized Controlled Trial

Editorial, see p 1781 ‘Anne G, Vedel, MD
Frederik Holmgaard,
Cerebralinjury is an fer cardac Lars S.R
surgey il the use of dopumorsey by Thefate of overt toke PDMD

after cardiac surgery is 1% to 2%, ted by
diffusion-weighted magneb( esonance incing e Toand map10 30%of

MD
patients. 1t Ohaf . Paulion, OMSc.

Theie Lange, Pho,

Sc
METHODS: I 2 patln. and asessor inded tandomized e alocated | - Caston . DMSc,
i g 1050 i o o (S o g o e

fal pressure by e turation of novenmec ine quning Cargioputmonary "“‘I’ls""" Olsen, DMSc,

e R 4 Lmin".m2. The primary outcome was
the total valume of new ischemic cerebral lesions (summed in millmeters “'"':" Berg Ravn, DMSe.
cubed),

conducted pmnpemumy Sl el e 3 . Jans, G Hitason: PO i

‘number of new Ischemic fesions.
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MAP: high vs low

Length of stay in ICU, h, median (IQR) 2120-26) 21(19-22) 082
1CU stays >36 h, n (%) 1315 12(126) 1.12(0.42-297) 082
Lactate, peak value at POD 1, mmol 26121.17 2902170 016
Inotropes >24 h, n (%) a@n 10010.4) 2720075-12.32) 010
Vasopressors >24 h. n (%) 360 10(10.4) 366 090-21.37) 005
Time to extubation, h, median (QR) 460967 | 4632-19) 043
Auial fibrillation, n (%) 49405) 52531) 1.18(065-2.16) 057
Creatinine, peak value, mmoll. 118.0s47.4 12192486 057
Creatinine, doubling of baseine value, n (%) 200 90.4) 493(1.02-48.12) 003
Hallucinations or delirium, n (%)" 70.0) 10(105) 153(050-4.95) 045
Length of stay in cardiac surgery ward, d 668 6(5-7.75) 092

TN lsl
$ L ]

i
J

| e W

after discontinuation
of phenylephrine

After initiation of CPB
without haemodynamic

during pressure increase
with phenylephrine
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Kanji et . Journal of Cardiothoracic Surgery 2010, 571 '
hitp:/www cardiothoracicsurgery org/contents/1/71 JOURNAL OF
N[O CARDIOTHORACIC SURGERY

RESEARCH ARTICLE Open Access

Difference between pre-operative and
cardiopulmonary bypass mean arterial pressure is
independently associated with early cardiac
surgery-associated acute kidney injury

Hussein D Kanji', Costas J Schulze'?, Marilou Hervas-Malo®, Peter Wang', David B Ross'?, Mohamad Zibdawi'**,
Sean M Bagshaw™*"

Table 2 Summary of intra-operative variables stratified by post-operative CSA-AKI

Variable No AKI (n = 92) AKI (= 65) prvalue
Valve only surgery %) 26083 12085 016
Combined (valve + CABG) () 43467 2623 007
Re-operation (%) 867 602
# Grfts (mean [+ SD) 3421 35410
Dusation of CPB (min, mean [ SD) 1266+ 52 12721632
Duration of cross clamp (min, mean [+ SO 909 + 469 8874 57.1
AvErage CPB NAP (G, mean [ S0 BT EIET)
Minutes <MAP 60 mmHg (median [+ 10R) 59165 %6445
Minutes <MAP 50 mmHg (median [+ 1QR) 25410 50415
Delta MAP (mmHo, mean [+ SD)) 2804132 3131138
PREC tansiusions (unts, mean [+ SO) 815 EETH
Patients transfused with PREC (%) 205 19.092)
Insulin dose (Units, mean [+ SD)) 3413 36431
Furosemide dose (mg, n =9, n = 7, mean [z SO 2284103 712125
Utafikation (ml, n = 34, n = 25, mean [+ SO) 1400 1049 1470 + 1344
Receved tranexanic acid () 83 002)
Receled aprotiin 66) )
Use of side biting clamp (%) 16 074
[[Aerage fiow (mUZkg/min. meantz SOD 509+ 71
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Table 3 Univariate Factors associated with early CSA-AKI
Predictor ds  95%Cl Pvalue
Ratio
Male Sex 106 0521 087
Age (per year) 101 099- 025
104
Age 2 75 years (present) 17 0835 a5
BMI (kg/m)per 1 poin) 12 083 <
00001
BMI 225 k/n?” (present) 44 19102 00007
Valve disease (present) 055 0310 006
DM (present) 2 142 005
PVD (present) 19 0933 19
HIN (present) 17 0933 on
Defta MAP (per 1 mmHg) 102 0% o014
104
Defta MAP 226 mmHg (present) 21 1142 0024
A et bi ]
Gl T 05 0%
Pre-operative ACE inhibitor (present) 06 031 o1
Valve Surgery (present) [ 031 007
Peak CPBMAP. 05 02097 004
Pre-operative Systofic B9 (2111 21 09946 005

i)
_Duva\wonof(DBMAF’séﬂlw\mmJ 199 0944 089

PHYSIOLOG!

Cerebral Autoregulation

» Summarized results of 11
studies

« Plotted CBF versus MAP

+ Manually drew line at 50
mmHg, lower limit of
autoregulation

CBF in cc/100 gm/min
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Quantification of autoregulation

B . + When Cox approaches 1, autoregulation
z is disturbed.
i - COx > 0.30 -> no autoregulation
f“’ + When COx approaches 0, blood pressure
o is in the autoregulation range.
: - COx < 0.30 -> cerebral autoregulation
T h b bk b ow
PP (mm Hg)
LRC .
a5 = i
§ o H
- i 1 { i i
oo, . : -
o R
PP (g

i B il i
BJA e
T T—

Comparison of different metrics of cerebral autoregulation in
association with major morbidity and mortality after cardiac surgery

Xiuyun Liu**", Joseph Donnelly’, Ken M. Brady", Kei Akiyoshi’, Brian Bush',
Raymond C. Koehler', Jennifer K. Lee', Charles W. Hogue’, Marek Czosnyka®’,
Peter Smiclewski’ and Charles H. Brown IV **
UsA, “Tianjin, China, Department of
a0, New Zealand, hesiol m

hicago, 1L USA,
Chicago, I, USA.

Universiy, Ann & Robert H.
Med

icine, i e
. Cambridge, UK and ° y of Technology,

Warsaw, Poland
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Autoregulation of the kidney
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Influence of variations in systemic blood flow and pressure on
cerebral and systemic oxygen saturation in cardiopulmonary
bypass patients

A Moermant", W.Denys!, . De Somer?, P.F. Wouters! and s.G. De Hert!
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Results Conclusion pressure vs flow

« Cerebral and venous oxygen saturations are more

50,0 i e e [ — dependent on flow than on pressure
2 _ _soumin__ g
w  Change in paradigm “pressure vs flow”
45 1/min e
- . B
-
w
@
=
nnnnnn nnnnon BoBDDD HBBIII
SUINEN FUFNLT JVIPVY SLIILY

Analysis -

Orgrl Marscpt
The multifactorial dynamic perfusion index: "’.'.’}"m
Qbiood DO, VO, VO,; /DO, A predictive tool of cardiac surgery associated -
Y acute kidney injury o
‘min mL/min/m? mL/min/m? Gl v
3.6 256 46 0.18 arcoRanuck o Unbert O D, Mauro oz snd
ine Zamalloa Moreano
BL -20%
3.6 256 46 0.18 frevien
BL -20% + PE sy i 0 dvd 3 yramie prodcone modelfor CAAKL IR
vty o0 910 come ey e wore e 0 e 3.
Wetod rcrospecive sty a 10 comcue 3k cariac wegey padens. Bxclne di 4 o e
4.5 320 49 0.15 v S e
BL+NSP=> -20%P e e . .
5.0 356 47 0.13 5o
of b pre
BL+20%=>MAP
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[T

DPICSA — AKlrisk =

exp(— 3.35+ 4.17*SRM + 5.37'DPR)

1+ exp[— 3.3 + 4.17°SRM + 5.37'DPR]
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- Male

« Female

GDP and PIRO: static risk

« Male
* 60 years * 60 years « 70 years
« Hematocrit: 43% * Hematocrit: 36% « Hematocrit: 40%
* CABG + COPD <EF: <35%
« Diabetes « CABG + VR
« Isolate valve
4.7% 11.6% 10%

+ Nadir Het:= 28%

« Nadir DO2i:= 300 mL/min
« Time below:= 0 min

« Transfusion:= 0

+ CPB:= 95 min

« Peak lactate:= 1 mmol/L
« Nadir MAP:= 60 mmHg

6.1%

GDP and PIRO: perfusion related risk

+ Nadir Het:= 20%

« Nadir DO2i:= 220 mL/min
« Time below:= 15 min

« Transfusion:= 2

+ CPB:= 95 min

« Peak lactate:= 4 mmol/L
« Nadir MAP:= 60 mmHg
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AKT risk

05
045
04
035
03
<025

1

Risk [%

0.15

Het:= 24%
DO2:= 300 mL/m¥min
MAP:= 60 mmHg
Lactate:= 1 mmol/L
No transfusions

Time [minutes]

AKIT risk

2%

260 mL/m¥min
MAP:= 60 mmHg
Lactate:= 1 mmol/L
No transfusions

Time [minutes]
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2
mmol/L

Het:= 19%
DO2:= 220 mL/m¥min
MAP:= 60 mmHg
Lactate:= 1 -2 mmol/L
No transfusions

50 60 70
Time [minutes]

90 100 110

RBC: 1
Het => 22%
D02 => 250
mL/m¥min

2
mmol/L

19% => 22%

MAP:= 60 mmHg
Lactate:= 1 -2 mmol/L
RBC transfusion

220 => 250 mL/m¥min

50 60 70
Time [minutes]

90 100 110
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Conclusions

* GDP should be based upon oxygen delivery and
CO2 production

«Increased RQ is indicative for a disturbed
microcirculation

* MAP should stay in the autologous regulation
*Flow is more important than pressure

Conclusions

* GDP reduces postoperative morbidity
*GDP is a multivariate online analysis of risk
*More variables are needed
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Goal Directed Perfusion

Wants to preserve organ function
by influencing host response
but this asks for
continuous markers

“If I had an hour to
solve a problem I'd
spend 55 minutes

thinking about the
problem and 5 minutes
thinking about
solution

Aalbe
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Correct communication helps!
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