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Mitigating the Risk of Anemia-
The integrative roles of Blood Management and Red Blood
Cell Transfusion

Aims:
1) to review the risk of perioperative anemia

2) to review effective strategies in perioperative patient blood management

3) to explore the evidence for “liberal” red blood cell transfusion.



Review of the Physiology of Oxygen Delivery to Tissue

The Primary Function of The Red Blood

Cell is to Deliver Oxygen to Tissue




CLINICAL FOCUS REVIEW Jerrold H. Levy, M.D., FA.H.A., F.C.C.M., Editor

Anemia: Perioperative Risk and Treatment Opportunity

Gregory M. T. Hare, M.D., Ph.D., C. David Mazer, M.D.

What is the Mechanism of Increased Mortality in Anemic Patients?

Causal Relationship Between Anemia, Organ Injury, and Mortality?

: Acute Kidney Myocardial Infarction/

Hare GMT, Mazer CD, Anesthesiology 2021



Red Blood Cells are Estimated To Be the Most
Numerous Cell in the Human Body

Whole Body
Estimate - SN

~37 Trillion cells

(3.72 £ 0.81 x1073 cells) RBC Estimate

~26 Trillion cells

~70% of All Cells In
the Whole Body

Bianconi Ann Hum Biol. 2013



Primary Function of the Red Blood Cell (RBC):
To Supply Oxygen (O,) to Tissue

The tissue’s demand for O, governs cardiac output

“The single factor most responsible for the...linkage between metabolic rate and
cardiac output is the tissue need for O,"- Guyton AC Am J Physiol 1973.

The tissue’s demand for O, governs tissue blood flow

‘O, dependence of mitochondrial oxidative phosphorylation is such that
mitochondria could function as...tissue oxygen sensors for regulation of ...local
blood flow”- Wilson DF. J Biol Chem 1988.

The function of the RBC is to supply O, to Tissue

“A general principle of physiology holds that cells precisely regulate their primary
function. For Red Blood Cells (RBCs) this primary function is delivery of O, to
tissues”-Stamler JS Ann Rev Physiol 2005.




During Anemia O, Homeostasis Is Jeopardized
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Adaptive Cardiovascular Responses During Anemia
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Integrative Physiological Responses

to Anemia Support Survival

Integrated Physiological and Cellular Responses to Anemia
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What is the Problem with Anemia?

Anemia is a Critical Global Health Issue




Anemia is a Worldwide Health Problem

It is estimated that one third of the global population is
affected by anemia (kassebaum N et al., Blood 2014)

Anemia leading cause of disability in children and
adolescents. (Global Burden of Disease Pediatrics Collaboration, JAMA 2016)

Severity of Anemia

[] Normal (<5.0%)
[ mild (5.0-19.9%%)
[ Moderate (20.0-39.9%) o %

Bl severe (240.0%)
D No data %

World Health Organization, 2008



Anemia is a Worldwide Health Problem

Prevalence of Anemia, by Severity
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Anemia Impacts Patients of All Ages
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Anemia Is Associated With Serious Adverse Events

1. Patel et al. JAMA 2016. 2. Global Burden of Disease Pediatrics Collaboration, JAMA 2016. 3.Sungthong et al., Asia Pacific J Clin Nutr 2002.
4. Tort et al., BMC Pregnancy & Childbirth, 2015 5. Penninx et al., Gerontology 2006. 6. Zakai et al., Arch Internal Med 2005.



What is the Problem with Anemia?

Perioperative Anemia is Assoclated with

Organ Injury and Increased Mortality




Preoperative Anemia is Associated With Increased
Adverse Outcomes after Cardiac Surgery

Systematic review and meta-analysis of 22 studies assessing postoperative outcomes between anemic
and non-anemic patients undergoing cardiac surgery

Prevalence of Preoperative Anemia: 20.6% (23,62 4 of 114,277 patients)

Mortality 2.74 (2.32, 3.24) 69.6% <0.001
AKI 3.13 (2.37, 4.12) 71.1% <0.001
Stroke 1.66 (1.29, 2.15) 21.6% <0.001
Infection 2.65 (1.98, 3.55) 46.7% <0.001
Blood Transfusion 1.35(0.92, 1.98) 83.7% 0.12

Pandamanabhan H, Ann Thorac Surg 2019



Association of Preoperative Anaemia with
Postoperative Morbidity and Mortality

Retrospective analysis of 38,770 patients from 474 hospitals in 27 countries undergoing elective inpatient
surgery assessing the impact of anemia on in-hospital (30-day) death and complications

Prevalence of Preoperative Anemia: 30.1% (11,675/38,770 patients)

Relationship Between Preop Hb and Relationship Between Preop Hb and
30-day Death 30-day Complications

g. g.
® =) ® B
o
(2]
{=
== ie]
=] c §2K=] =
=S T €S 9
% & B -% N R - oy E_
Q ‘s Q \ bS]
kS 8 kS \ %
@ © @
o Q ie]
=S = E81 .-
z2 "+0 22| I “o
=z 8
o — —sunnEEEIEINRRN s s =) O A =)
T T T T T T T T
5 10 15 20 5 10 et 20
Preoperative haemoglobin (gd!) Preoperative haemoglobin (gd")
------- Odds ratio 95% ClI ------- Odds ratio 95% ClI

Fowler Br J Anaesth 2018



Anemia Risk In Patients with Acute Hip Fracture

JB &:.JS

OPEN ACCESS

Anemia at Presentation Predicts Acute Mortality and
Need for Readmission Following Geriatric
Hip Fracture

Gareth Ryan, BSc(Hons), Lauren Nowak, PhD, Luana Melo, PhD, Sarah Ward, MD, MSc, FRCSC, Amit Atrey, MD, MSc, FRCSC,
Emil H. Schemitsch, MD, FRCSC, Aaron Nauth, MD, MSc, FRCSC, and Amir Khoshbin, MD, MS¢, FRCSC

TABLE Il Unadjusted Rates of 30-Day Postoperative Complications: Comparison of Non-Anemic and Anemic Groups*

MNo. (%) of Total MNo. (%) with Normal Mo. (%) with Low
Complication Cohort (N = 34,805) HCT (N = 12,336) HCT (N = 22,469) P Valuet
Death 1,432 (4.1) 313 (2.5) 1,119 (5.0) =<0.001
Readmission 2,989 (8.6) 829 (6.7) 2,160 (9.6) <0.001
M 570 (1.6) 139 (1.1) 431 (1.9) <0.001
CVA 246 (0.7) 83 (0.7) 163 (0.7) 0.6

*HCT = hematocrit, Ml = myocardial infarction, and CVA = cerebrovascular accident. The values are given as the number, with the percentage in
parentheses. The percentages in the Complication column are of the total cohort (n= 34,805). TBold indicates a significant difference between the
MNormal HCT and Low HCT groups.

JBJS Open 2020



Risk

Balancing the Risk of Anemia and Its Treatments

M
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Treatment of Anemia ad
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(~50% mortality) (~Anemic Organ Injury?) Tissue Perfusion)

30gL! 50gL! 70gL! 90glL! [100gL?
Hemoglobin Concentration

Death{~JOrgan Injury (2 Dysfunction {2 Function

Hare GMT, Can J Anesth 2020




“An update on Patient Blood Management in 2023”

St. Michael’s

Inspired Care.

Inspiring Science.

Blood Management

A clinical maxim to increase patient safety

Early detectionand
treatment of Minimizing blood loss Rational and
preoperative anaemia and intensified use of guideline-appropriate
in patients undergoing blood conserving use of allogenic blood

surgery with a high measures products
transfusion probability

Treat Anemia Surgical Technique Appropriate
Utilize TXA REstrictive
RBC

Transfusion



CLINICAL FOCUS REVIEW Jerrold H. Levy, M.D., FA.H.A., F.C.C.M., Editor

Anemia: Perioperative Risk and Treatment Opportunity

Gregory M. T. Hare, M.D., Ph.D., C. David Mazer, M.D.

Treatment of Anemia to Prevent Erythrocyte Transtusion, Organ Injury, and

Supported by Experimental Evidence Causality not Established
Increased Organ Injury Mortality
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Patient Blood Management

i= SPECIAL ARTICLE

ONTraC: A 20-Year History of a Successfully
Coordinated Provincewide Patient Blood Management
Program: Lessons Learned and Goals Achieved

Katerina Pavenski, MD,*t} Alanna Howell, RN,*§ C. David Mazer, MD, ||{#
Gregory M. T. Hare, MD, PhD,{lI# and John Freedman, MD*§||

Anesthesia & Analgesia Themed Issue Webinar — Patient Blood Management

ANESTHESIA & ANALGESIA Infographics ANESTHESIA & ANALGESIA Infographics




Blood Transfusion- An Expensive and Potentially
Hazardous Alternative to Patient Blood Management

A Network of Health Care Practitioners
Coordinators in 25 Hospitals in Ontario
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Ontario is the ONLY province in
Canada to fully fund a Blood
Conservation Program.

John Freedman

Professor Emeritus, Medicine &
Laboratory Medicine & Pathobiology
SMH, University of Toronto
@n1rac

ONTraC Medical Director ]
Freedman J. Transfusion 2008.



ONTraC and Patient Blood Management Team

A Network of Health Care Practitioners
Coordinators in 25 Hospitals in Ontario

@nTrac

Alanna Howell, RN Farnoosh Yazdanpanah, RN Anna Nassis, RN

Manager, Laboratory Medicine ONTraC Coordinator ONTraC Coordinator

ONTraC Program Manager



Patient Blood Management at SMH-
A Collaborative Program

——
Recipient of the 2021 CSTM Ortho Award

Anesthesiology

Nursing Surgery

Transfusion
Medicine

Haematology

Katerina Pavenski

Associate Professor, Laboratory Medicine & Pathobiology
Director of Transfusion Medicine
SMH, University of Toronto



Ontario Transfusion Coordinator (ONTraC)

Program
@ 25 Locations; 14 in the Greater Toronto Area (GTA) - . NTraC

gntario Transfusion

coordinators

Pavenski K. Anesth & Analg 2022



RBC Transfusion Rates for TKA and CABG

IS Single Knee Arthroplasty Coronary Artery Bypass Surgery
@ 80
®
=
o
— . T T
T .
O
o 60 - I
o
Ko .
m E—
8 . . T. .
o . .
@ . .
g - el
>
= [ ] L ]
§ ™ : <+ " : . []
o E . ® o HH :
wn s o o || | B .
c [ ]
%20— E . _E_l-'l: iﬂ
o
o I S8
L]

* o
"E ™ . L H - L]
g D 1 T T T T T T T T T T I I T I
s 2002 2005 2008 2011 2014 2017 2020 2002 2005 2008 2011 2014 2017 2020

Year of Analysis

ONTrac

Ontario Transfusion
Coordinators

Pavenski K. Anesth & Analg 2022



The Hemoglobin Threshold for Increased
RBC Transfusion is High

Major Joint Arthroplasty Cardiovascular Surgery Gynecological Surgery
Hb<110 g/L Hb<130 g/L Hb>130 g/L

Table. Relationship Between Preoperative Hemoglobin Concentration (Hb) and RBC Transfusion Rate.

Percentage of patlents transfused durlng the 2021 data collectlon perlod

Knee arthroplasty CABG surgery Valve surgery CABG + valve surgery Gynecologlcal surgery
Preoperatlve Hb Transfuslon rate, % (n) Transfuslon rate, % (n) Transfuslon rate, % (n) Transfuslon rate, % (n) Transfuslon rate, % (n)
Hb <100 g/L 100 (3) 100 (9) 75.0 (8) 100 (4) 41.7 (24)
Hb <110 g/L 5.0 (20} 100 (13) 70.6 (17) 100 (11) 28.8 (b9)
Hb <120 g/L 1.3 (76) 68.2 (44) 70.6 (34) 84.0 (25) 20.0 (115)
Hb <130 g/L 0.8 (256) 61.2 (113) 67.8 (90) 78.4 (51) 11.8 (228)
Hb = 130 g/L 0.1 (884) 17.5 (456} 20.2 (273) 37.3 (153) 0.9 (216)
Hb = 140 g/L 0 (516) 15.4 (318} 13.1 (178) 30.3 (109} 0 {100)

Abbreviations: CABG, coronary artery bypass graft; Hb, hemoglobin.

Pavenski K. Anesth & Analg 2022



Evidence of Reduced Length of Hospital
Stay when RBC Transfusion is Avoided
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Evidence of Reduced Infection Rates when
RBC Transfusion is Avoided

10

Percent of Paitents with Infection
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Evidence that PBM Improves Healthcare
Efficiency

Annual Cost Savings Compared to Baseline for Coronary Artery
Bypass Surgery and Hip and Knee Arthroplasty Combined

407 337

30

. $14.6

(in millions of CDNS)

Program Cost and Cost Savings

& @NTracC

Q\o \2\63 Ontario Transfusion

Coordinators

Pavenski K. Anesth & Analg 2022



Impact of Implementing TXA Protocol
on RBC Transfusion at SMH (2012)

St. Michael’s Hospital Transfusion Rates and Tranexamic Acid (TXA) Administration
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Pre Protocol

Post Protocol

Protocol:

TXA was administered (20 mg/kg IV, to a maximum dose of 2 g) to
all eligible patients undergoing primary or revision THA or TKA.

Pavenski K et al. Transfusion 2019



RBC Transfusion Rates for TKA and CABG

Single Knee Arthroplasty Coronary Artery Bypass Surgery
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The NEW ENGLAND JOURNAL of MEDICINE

RESEARCH SUMMARY

Tranexamic Acid in Patients Undergoing Noncardiac Surgery
Devereaux P et al. DOI: 10.1056/NEJMo0a2201171
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TXA In Patients Undergoing Non-Cardiac Surgery

Cumulative Risk of Event (%)

100

Composite Bleeding Outcome Composite Cardiovascular Outcome

1001

HR, 0.76 (95% Cl, 0.67-0.87); = HR, 1.02 (95% Cl, 0.92-1.14);
407 two-sided P <0.001 for superiority 9: 40 one-sided P=0.04 for noninferiority
il Absolute difference, -2.6 percentage points (95% Cl, -3.8 to —1.4) § i Absolute difference, 0.3 percentage points (95% Cl, -1.1 to 1.7)
30 “ 307
=
N x
g
20 @ 20
s 14.2
i 117 %: i 13.9
o 9.1 E 10
U -
0 0 P
Tranexamic Acid Placebo Tranexamic Acid Placebo
Hazard Ratio (95% Cl)
i Noninferiority margin
i
: Upper boundary of the
[ one-sided 97.5% Cl, 1.14
= 1 (noninferiority threshold of
] 1.125 not met)
i P=0.04
: (noninferiority threshold of
: 0.025 not met)
I [ 1.125 | |
O& 0.5 1.0 I:5 2.0
: . |
Tranexamic Acid Better Placebo Better

Devereaux PJ NEJM 2022



CLINICAL FOCUS REVIEW Jerrold H. Levy, M.D., FA.H.A., F.C.C.M., Editor

Anemia: Perioperative Risk and Treatment Opportunity

Gregory M. T. Hare, M.D., Ph.D., C. David Mazer, M.D.

Treatment of Anemia to Prevent Erythrocyte Transtusion, Organ Injury, and

Supported by Experimental Evidence Causality not Established
Increased Organ Injury Mortality
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Iron Deficiency Anemia (IDA)
A Major Global Health Concern

Preterm Birth
Complication
S
(2.90%)

Diabetes
(2,27%)

IDA

(1,78%)
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Chronic Kidney
Disease
(1,35%)

Inflammatory
Bowel Disease
(0,15%)

Source: Institute of Health Metrics & Evaluation, University of Washington, 2013: http://vizhub.healthdata.org/gbd-compare/

* Disability-Adjusted Life Year (DALY). One DALY can be thought of as one lost year of "healthy" life.

% of total DALYs*



http://vizhub.healthdata.org/gbd-compare/

Treatment of Iron Deficiency Anemia with IV Iron

A randomized trial of iron isomaltoside versus iron sucrose in
patients with iron deficiency anemia

Patients with iron
deficiency anemia

Randomized
(2:1)

Time to Increased Hemoglobin by 20 g/L

100 +

Percentage of patients

80

60

40 =

204

0

Iron isomaltoside infusion
Iron sucrose infusion

Iron Isomaltoside; N =330

(1000 mg, 1500 mg or 2000 mg, depending on body weight and Hb)

Iron Sucrose; N =161
(Dose calculated using the Ganzoni formula; max. cumulative dose of 2000mg)

Iron Isomaltoside

Iron Sucrose

Median days (95% CI) Isomaltoside: 26 (21 ; 28)
Median days (956% CI) Sucrose: 37 (32 ; 42)
Logrank test p: <.0001

IV Iron Restores

Iron Stores and
Increase Hb

330 328 301 206 155 102 2

161 159 155 139 112 70 2 il 1
T T T T T T T T
0 1 2 = 4 & 7 ] 9

Week

Derman R. Am J Hematol 2017; 92: 286-291

Primary Outcome: Proportion of patients
with a Hb increase of 22g/dL from
baseline to any time between 1-5 weeks
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IV Iron Safely Increased Post-Operative
Hemoglobin Concentration and Reduced Hospital
Readmission

Preoperative intravenous iron to treat anaemia before major abdominal surgery

(PREVENTT): a randomized, double-blind, controlled trial

Adults with preoperative
anemia undergoing elective
major open abdominal surgery
(46 sites in the UK)

=

Randomized

Placebo; N =243
(100 mL normal saline)

Blood Transfusion or Death (30d)
Composite
Transfusion
Death
ICU Length of Stay
Hospital Length of Stay
Mortality at 6 months
Readmission
Discharge to 8 weeks

Discharge to 6 months

IV Iron

(n=244)

69/237 (29%)
68/237 (29%)
21237 (1%)
2 (0-3)

9 (7-14)
12/238 (5%)

31/234 (13%)
58/227 (26%)

Placebo
(n=243)

67/237 (28%)
67/237 (28%)
21237 (1%)
1(0-3)

9 (5-14)
10/236 (4%)

51/234 (22%)
731223 (32%)

Intravenous Iron; N = 244
(1000 mg dose of ferric carboxymaltose in 100 mL normal saline)

THE LANCET

Co-Primary Outcomes:

- Risk of composite of RBC transfusion
or death at 30d
- Number of RBC transfusions at 30d

Iron vs. Placebo
(OR, 95% CI)

IV Iron Increased Post-Operative Hb

1.03 (0.78-1.37)

1.19 (0.52 to 2.70)

= [V iron

130 4
3 —&— Placebo

120 4

110

100 4

Mean (95% C1) haemoglobin (g/L)

90

T T T T T T
BL OP D2-3 D4-5 D6-7 D14

Follow-up time

T T

Week 8 Month 6
Number of patients

IViron 238

Placebo 234

199 218 181 139 50 157 136
206 197 158 122 52 155 132

0.61 (0.40 to 0.91)
0.78 (0.58 to 1.04)

Richards T. Lancet 2020; 396: 1353-61




Impact of Treating Iron Deficiency...on Outcomes
After Prolonged ICU Stay

Treatment: 1 g ferric carboxymaltose when hepcidin <20 ug/L)
Background: Hepcidin is low when Hypoxia Inducible Factor (HIF) is stabilized

a ITT population b Patients with ID treated or not
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(patients with hepcidin <41 pa/L treated in the intervention arm and not treated in the control arm)
Death at 90 Days:
Treated 16/201 (8.0) vs. Untreated 33/198 (16.7), p< 0.008

Lasocki et al Crit Care 2021



EPO as a Strategy to Reduce Perioperative
RBC Transfusion

~ Red Blood Cell Transfusion
(NI "

HESIA

]\l /\ l ( N [ : ( b /\\ A s} RR (95% CI) Weight
\ \ /7 L ‘/ | s & _) / Aydin 2012 -H— 0.78 (0.46, 1.33) 4.20

Christodoulakis 2005 1= 0.83 (0.61, 1.12) 5.08
D'Ambra 1997 —— 0.63 (0.43, 0.91) 478
Dardashti 2014 : T 1.38 (0.88, 2.14) 4.55
deAndrade 1996 —— 0.46 (0.28, 0.78) 4.23
Dousias 2003 : 0.11(0.01,1.82) 052
Dousias 2005 ] 0.13(0.01,234) 051
Faris 1996 = 0.39 (0.26, 0.50) 466
Feagan 2000 0.42 (0.27, 0.65) 454
Gaston 2006 : 1.00 (0.07, 15.12)  0.57
Haljan 2009 : 0.17 (0.02, 1.60) 0.79
Heiss 1996 —— 1.32 (0.55, 3.20) 2.90
Kettelhack 1998 :—'— 1.20 (0.67, 2.16) 3.97
Kim 2013 1— 1.05 (0.66, 1.68) 4.45
Kosmadakis 2003 —_ | 0.37 (0.22, 0.62) 4.21
Luchette 2012 e 122 (0.88,170) 497
Na 2011 — | 0.38 (0.21,068)  3.99
MNorager 2006 -:—'— 1.13 (0.49, 2.61) 3.03
Podesta 2000 —_— 0.04 (0.01, 0.27) 1.02
Quist 1999 — 0.64 (0.38, 1.08) 423
Scolt 2022 : 0.79 (0.58, 1.08) 5.03
Sowade 1997 —_— 0.21 (0.08, 0.56) 262
Tsuji 1995 : 0.33 (0.02, 6.65) 0.48
Weber 2005 = | 0.24 (0.17, 0.34) 4.95
FEATURED ARTICLE | ¢ Weltert 2010 = 0.43 (0.28, 0.64) 466
A Meta-Analysis of Weltert 2015 ™ 0.44 (0.33, 0.58) 5.11
Preoperative Erythropoletin Wurnig 2001 - 0.60 (0.42, 0.86) 4.88
Yoo 2011 —— 0.69 (0.51, 0.92) 5.08
Overall (l-squared = 79.0%, p = 0.000) ? 0.59 (0.47,0.73) 100.00
NOTE: Weights are from random effects analysis !
_UOLE? Favors EPO 1 Favors Placebo 1 éo

TARS iniesnationst Anesthesla Rese

OR (95% CI) = 0.59 (0.47, 0.73)

Cho Anesth Analg 2019



REVIEW ARTICLE/BRIEF REVIEW

Efficacy and safety of erythropoietin and iron therapy to reduce
red blood cell transfusion in surgical patients: a systematic review

and meta-analysis

ESA + Iron Iren

Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year

Risk Ratio
IV, Random, 95% CI

4.1.1 Orthopedic Surgery

COPES 13883 53 130 44 Kt 7.5%

Faris 1998 25 118 36 69 6.8%

- de Andrade 1996 23 213 24 1M 6.2%

OrthO pedIC Feagan 2000 23 123 B 78 BT%
Weber 2005 56 458 107 235 7.6%

Su rg ery Wu 2018 2 30 [ 32 2 1%
Bernabeu-Wittel 20186 52 100 53 103 T.6%

RR:0.490.32, 0.76] [l

Heterogensity: Tau® = 0.28; Chi* = §2.73, df = 6 (P < 0.00001); I* = 89%
Test for overall effect: 7= 3.18 (P = 0.001)

4.1.2 Cardiac Surgery

Kyo 1992 20 40 12 16 68%

Sowads 1997 4 36 19 36 3.8%

- D'Ambra 1997 3% 119 25 56  B.9%

C ar d I aC Podesta 2000 1 30 26 30 15%
Weltert 2015 51 300 117 300 7.5%

Su rg ery Urena 2017 13 48 12 52 54%
Subtotal (95% CI) 573 490  31.8%

. Total I} 125 212
RR:0.51 [032’ 079] Hziir:;::;w:"rau?:a.m; Chi* = 19.38, df = 5 (P = 0.002); I = 74%

Test for overall effect: £ = 3.02 (P = 0.003)

4.1.3 Colorectal Cancer Surgery

Heiss 1936 9 17 4 10 4.2%
Keltelhack 1938 16 48 15 B4 58%
Cvist 1999 13 38 23 43 B2%

CO | 0 reCtaI Can Cel’ Christodoulakis 2005 59 136 3 B8 T7.5%
Subtotal (95% CI) 239 175 23.7%
Total events a7 78

Surgery
RR: 0.86 [0.67, 1.12]

Heterogeneity: Tau® = 0.01; Chi* = 3.49, df = 3 (P = 0.32); I* = 14%
Test for overall effect: Z = 1.09 (P = 0.27)

Total (95% CI) 1984 1361 100.0%
Total events 456 595

Test for overall effect: 2 = 4.23 (P < 0,0001)
Test for subgroup differences: Chi* = 7.04, df = 2 (P = 0.03), P = T1.6%

0.72 [0.54, 0.96]
0.41[0.27, 0.61]
0.45 [0.27, 0.76]
0.42 [0.27, 0.68)
0.27 [0.20, 0.36]
0.36 [0.08, 1.83]
1.01 [0.77, 1.32]
0.49 [0.32, 0.76]

0.67 [0.44, 1.01]
0.21 [0.08, 0.56]
0.68 [0.45, 1.01]
0.04 [0.01, 0.27]
0.44 [0.33, 0.58]

1.08 [0.56, 2.10]
0.51 [0.32, 0.79]

1.32 [0.55, 2.20)
1.20 [0.67, 2.16]
0.64 [0.38, 1.08]

0.82 [0.61, 1.10]
0.86 [0.67, 1.12]

0.58 [0.45, 0.74]

Heterogeneity: Tau® = 0.21; Chi* = 88.37, of = 16 (P < 0.00001): I* = 82%

1893
1996
1986
2000
2008
2018
2018

1992
1987
1997
2000
2015
2017

1986
1998
1999
2005

*>

1 1 1
0.05 0.2 1 5 20
Fawours ESA + Iron Favours Iren

Kei T. Can J Anesth 2019



Teamwork to Build a New Infusion Clinic

Skilled Healthcare
Professionals

Francis + Balraj + Resources Anesthesiolog
Many Others y

Team

Perioperative
Nursing
Team

Surgery
Team

Medical
Daycare
Team

Medicine
Team

[ —
20 months-40 Clinics — ~500 Patients Treated



Perioperative Blood Management-
Center of Excellence at SMH

: Pre-Admission
Surgical Referral »
Dlagn05|s of
Treatment of J
Diagnosis and ArElE

Treatment
of Depression

Improved
Patient
Qutcomes

Diagnosis and
Treatment
of Acute and
Chronic Pain
Diagnosis and
Treatment
of Respiratory
Qutcomes

and
Experience



What is the Problem with RBC Transfusion?

Transfusion is “Life Saving” but has

been Assoclated with
Adverse Outcomes and Death?




Military History of RBC Transfusion for Wound Shock
Liberal (WWI) vs. Restrictive (Early WWII)

THE TRANSFUSION OF WHOLE BLOOD: 3

A SUGGESTION FOR ITS MORE FREQUENT > ’
EMPLOYMENT IN WAR SURGERY.

e GIVE YOUR 8L00D

L. BRUCE ROBERTSON, B.A., M.B.ToroxTo, 7'054”5 4 ll}f

CarTaiv C.A.M.C.,

JUNIOLD ASSISTANT SURGEON, HOSPITAL FOR SICE CHILDREN,
TORONTO, CANADA. - :

Battle of the Somme
~60,000 casualties on the first day

“treatment (with) ...intravenous ...normal Wﬁf jﬁj

AMERICAN NATIONAL RED CROS%\

saline ...was found most disappointing.” BLOOD DONOR SERVICE

“One week after the Somme battle began , Bruce Robertson’s
article on blood transfusion appeared in the BMJ”

' V .’-~ f :-‘—"-:3
A N
y _‘ yo .u. i \

3\‘{ “Blood transfusion came to play a key role in saving soldiers

| "' RENCE R '“'.“ i suffering from wound shock.”

T “World War | experiences led to the universal adoption of blood
i e o typing to select blood donors”

—— 1) L Bruce Robertson, BMJ 1916; 2) Pelis K, J Hist Med Al Sci 2001
- = 3) Pinkerton PH, Transf Med Rev 2008.




Discrepancy Between Observational study and

RCT Evidence for Transfusion Trials

Outcome Study N Participants Odds Ratio (95% CI) P Value
. Cardiac RCT 5 3304 —e—i 0.70 (0.49-1.02)  0.06
Mortality :
Observational 19 138 357 e 2.84 (2.23-3.61) <0.0001
Myocardial Cardiac RCT 1 2003 »1.34(0.30-6.02) 0.7
Infarction Observational 8 35763 —e— 1.95 (1.45-2.61) <0.0001
Cardiac RCT 1 2003 : 1.14 (0.57-2.30)  0.71
Stroke :
Observational 7 43 649 —e— 2.03 (1.42-2.92) <0.0001
AK] Cardiac RCT 5 3304 e 0.86 (0.68-1.09) 0.22
Observational 14 59 003 H—e— 3.06(2.10-4.46) <0.0001
Cardiac RCT 6 3357 e 0.94 (0.76-1.17) 0.58
Pulmonary :
Observational 7 43431 —eo— 2.02 (1.48-2.75) <0.0001
: Cardiac RCT 4 2802 e 0.97 (0.79-1.19) 0.75
Infection :
Observational 11 2.30 (1.85-2.86) <0.0001

88 025

0.2

T T
0.5 1

Restrictive

Liberal

Patel NN Lancet

Haematol 2015



TRICC Trial Demonstrated That it May be Safe
To Reduce the Transfusion Threshold

90+

80 -

70+

Survival (%)

The New England 60

Journal of Medicine

A All Patients

Restrictive
Restrictive-
transfusion

- — —
ey
e S

e i 3,

Liberal-
transfusion
strategy

Liberal

P=0.10

50

LAUDIO MARTIN, M.D., Giluseppe PAGUIARELLO, M.D., MARTIN TWEEDDALE, M.D., PH.D., IRwiN ScHwerzer, M.Sc.,

A MULTICENTER, RANDOMIZED, CONTROLLED CLINICAL TRIAL
OF TRANSFUSION REQUIREMENTS IN CRITICAL CARE

PauL C. Hegert, M.D., GEorGe WELLS, PH.D., MoRris A. BLascHMaN, M.D., JoHn MARsHALL, M.D.,

ELIZABETH YETISIR , M.Sc., AND THE TRANSFUSION REQUIREMENTS IN CRiTICAL CARE INVESTIGATORS
FOR THE CANADIAN CRiTicAL CARE TRIALS GROUP*

10

15 20 25 30
Days

Paul Hebert, MD, FRCPC, MHSc,

Chief, Department of Medicine, CHUM, Montreal,
Quebec; Scientist CRCHUM, Montreal, Quebec.



Median Nadir Hemoglobin Concentrations Do Not
Meet Recommended Threshold for Transfusion

11+

Higher hemoglobin threshold
10
3
3 J
2 3
§
I
g 7
- Hemoglobin Concentration <70g/L
0 I I [ I I I I I I I I I I | I I I I

T T | . B T T —
Base-1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Days since Randomization

Holst N Engl J Med. 2014



Transfusion Threshold of 7 g per Deciliter — The New Normal
Paul C. Hébert, M.D., and Jeffrey L. Carson, M.D.

“We believe it has become abundantly clear that a
transfusion threshold of 7 g per dL should become the new
normal, recommended in all critically ill patients, including

those with severe sepsis and septic shock....”

“It is time to adopt a threshold of 7 g/dL as the standard of
care...”

“We endorse upgrading the evidence base...to 1A (strong
recommendation and evidence)...”

Evidence remains weak in patients with acute coronary syndrome...(who)
benefit from higher Hb concentrations (9 or 10 g per deciliter).”

=0
= V7
1823 3% 1628 | &2

‘ The NEW ENGLAND

\\ -/ JOURNAL of MEDICINE Hebert PC Carson JL NEJM 2014




The Current Clinical Issue

We Don’t Transfuse Until The
Hemoglobin Concentration
Reaches 70 g/L




Balancing the Risk of Anemia and Its Treatments
What is Really Dangerous: Anemia or Transfusion?

ﬁAnemia

eatment (Transfusion, EPO)I

Tissue
Hypoxia

30 gLt

50gL?! 70gL?! 85¢gLt? 100 g-L?

Hypoxic Cell Response
Anemic Organ Injury

V

Optimal Hb
Concentration?

Hemoglobin Concentration

Organ Injury (<1 Dysfunction

(1 Function

Shander A BJA 2011



Surgical Strategy to Determining Transfusion
Thresholds

| “If the Patient’s

. Age is Higher

/M | than the Hemoglobin
aly 1 You Should Probably
) Transfuse.”

James Waddell M.D., FR.C.S.C

Professor, Department of Surgery
Order of Canada



Does the Concept of Occam’s Razor Apply to
Biological Medical Research?

~~«All things being
fu(equal, the simplest

While Occam's razor is a useful tool
in the physical sciences, it can be a
very dangerous implement in
biology. It is thus very rash to use
simplicity and elegance as a guide in
biological research.

— Zrancis Crick —

AZ QUOTES



What Do The Current Trials Say About

Liberal vs. Restrictive Transfusion?




Restrictive vs. Liberal Transfusion Strategy

Liberal
Hb 90-100 g/L

o
S
I

©
o
|

Restrictive
Hb 70-80 g/L

\l
o
I

o)
o
|

Hemoglobin Concentration g/L
0
o
I

Hemoglobin Threshold



Restrictive Transfusion Threshold is Non-Inferior

Cochrane
= J Library

Trusted evidence.
Informed declslons.
Better health.

Transfusion thresholds for guiding red blood cell transfusion
Review . .
! ’ Cochrane Database of Systematic Reviews

Analysis 1.1. Comparison 1: Mortality at 30 days, Outcome 1: 30-Day mortality

Restrictive Liberal Risk Ratio Risk Ratio Risk of Bias
Stady or Subgroup Events Total Events Total Weight M-H, Random,35% CI M-H, Random, 95% CI ABCDETFG
Bergamin 2017 84 151 67 148 11.8% 1.24[038, 1.55] b 29
Elzir 1986 0 26 2 4 02% 0.19 [0.01 , 3.67] _— [ X ]
Bush 1937 4 50 4 43 11% 0.98 [0.26 , 3.70] — [ X ]
Carson 1998 1 42 1 42 03% 1.00 [0.08 , 15.47] L @9
Carson 2011 42 108 52 1007 7.4% 0.83 [0.56 , 1.22] - [ X ]
Carson 2013 7 55 1 55 0.3% 7.00 [0.85 , 55.01] | @
Cooper 2011 2 1 2 04% 183 [0.18, 18.70] N @8
de Almeida 2015 3 101 ] 7 30% 2.76 [1.30, 5.87) — @
DeZern 2016 1 5 2 30 04% 0.25 [0.02, 2.65] [ (X ]
Ducrocg 2021 19 342 b3 324 46% 0.72 [040,1.28] .t @9
Foss 2009 5 &0 0 60 0.2% 11.00[0.62 , 194.63] _ ®
Gillies 2020 2 6 1 3B 04% 2.77[0.26 , 28.95] 1, 0
Gobatio 2019 7 3 1 M 035% £.39 [0.85 , 47.701] | +
Gregersen 2015 i 144 12 140 36% 1.70 [0.57,3.32] . o0
Grover 2006 0 109 1 105 0.2% 0.33 [0.01 , 8.09] I R CY ]
Hajjiar 2010 15 245 13 B3 3% 117 [057 , 2.41] 4 X
Hébart 1395 ] 33 E] 3/ 26% 0.97 [0.42,2.22] 4 (X |
Hébart 1399 78 418 £ 420 10.7% 0.30 [061 ,1.04] - Y
Halst 2014 163 502 175 496 135% 0.95 [0.80, 1.13] 4 [ X ]
Jairath 2015 14 57 5 3B 40% 0.33 [0.44,157) 4 (X ]
Lacroix 2007 14 320 14 7T 3% 0.99 [0.45 , 2.04] . Y ]
Laine 2018 0 40 0 40 Mot estimable (X ]
Lotke 1959 0 62 0 65 Not estimakle (Y ]
Mazer 2017 T4 2427 7 2429 96% 0.85 [0.63 ,1.15] r [ X ]
Mpller 2019 1 3 1 9 03% 1.00 [0.07 , 15.24] I @®
Murphy 2015 26 1000 19 1003 43% 1.37[0.76 , 2.46) 1 'Y ]
Palmieri 2017 16 168 15 177 36% 1.12 [057 , 2.20] 4+ [ X ]
Parker 2013 5 100 3 100 1.0% 167 [0:41 , 6.79] [ X
Villanueva 2013 19 416 34 417 50% 0.56 [032,0.97) ] Y )
Whalsh 2013 12 51 16 49 3.9% 0.72 [0.38 , 1.36] - L X}
Webert 2008 1 ] 2 31 04% 0.53 [0.05 , 5.58] R S [ X ]
Total (95% CI) 8321 2408 100.0% 0.99 [0.85 , 1.15]
Totzal events: 670 (=]
Heterogeneity: Tar = 0.03; Chi® = 40.06, df = 28 (P = 0.07); F = 30% oim ot 5 =
Test for overall effect £ = 0.07 (P=0.34) Favours restrictive Favours liberal

‘Test for subgroup differences: Mot applicable

Carson JL. Cochrane Database Syst Rev. 2021



Restrictive vs. Liberal Transfusion Threshold:
Does Equipoise Still Exist?

Mortality

OR 1.15 (0.88 to 1.50)

. Liberal
Restrictive .
: Transfusion
Transfusion .
. Strategy Is
Strategy Is
Safe? Not
Harmful?

Favours Restrictive Favours Liberal

Docherty AB BMJ 2016



Restrictive Transfusion Thresholds and Restrictive Hemoglobin
Range in Critically lll Patients

Hebert PC (TRICC), NEJM 1999
n= 838

Carson JL (MINT), AHJ 2013
n=110

Villanueva C, NEJM 2013
n= 888

Holst LB (TRISS), NEJM 2014
n= 998

Jairath V (TRIGGER), The Lancet 2015
n= 936

Bergamin FS, Crit Care Med 2017
n= 153

—
0

| e+
-

| o
-

| —e—
——

50

T | T | 1
70 90 110 130 150
Restrictive

Transiusion  Hemoglobin (g/L)
Threshold

Hare GMT et al. Can J Anesth 2020



Restrictive Transfusion Thresholds and Restrictive Hemoglobin
Range in Cardiac Surgery

Bracey AW, Transfusion 1999 - I —eo—
n= 428 ' —e 'I
Hajjar LA (TRACS), JAMA 2010+ e
n= 502 | 1
. —@—
Murphy GJ (TITRe2), NEJM 2015+ | ——
n= 2003 : | ._._|'
Koch CG, Ann Thorac Surg 2017- H——
=717 ! i
i e
Mazer CD (TRIiCS Ill), NEJM 2017 4 —
n= 4860 : ;
I I'_.ﬁl_l
— | T T 1 r | T T T | T 1
0 50 7075 90 110 130 150

Restrictive

Transfusion Hemoglobin (g/L)
Threshold

Hare GMT et al. Can J Anesth 2020



Restrictive Transfusion Thresholds and Restrictive Hemoglobin
Range in Orthopedic Surgery

Grover M, Vox Sang 2006 =
n= 218

Carson JL (FOCUS), NEJM 2011 <
n= 2016

Gregersen M (TRIFE), Acta Orthop 2015 -
n= 260

l

50

T |
70 80 90
Restrictive

Transfusion
Threshold

3

1 1 " 1
110 130 150
Hemoglobin (g/L)

Hare GMT et al. Can J Anesth 2020



TRiCS-III

Transfusion Requirements
in Cardiac Surgery

Restrictive versus liberal red blood cell
transfusion in cardiac surgery:

- - \. > l< '
X = \A ‘;" ‘(-,"‘“

C. David Mazer and Nadine Shehata

On behalf of TRICS investigators and Perioperative Anesthesia Clinical Trials Group

Australia o;ernment St Michael‘s P 6& 6 % UNIVERSITY OF
National Health and Medical Research Council . y . . )
. . - Canadian Blood Services 6
Inspired Care. Inspiring Science. ClHR IRSC Société canadienne du sang TORONTO ];’I'C Health Research

AHRC 25 NowSeaand



Restrictive Versus Liberal Red Blood Cell

TRiCS-III

Transfusion Requirements
in Cardiac Surgery

Transfusion in Cardiac Surgery:

Cumulative Mortality at 6 Months

10.01

7.51

= Restrictive Threshold
mmm Liberal Threshold

5.01

2.57

Cumulative Mortality (%)

0.0

P =0.647; log-rank test

0
Number at Risk

Restrictive

Threshold 2427

Liberal

Threshold 2429

30

2202

2222

60

90

120 150 180

Days After Index Surgery

2181

2209

2170

2193

2165 2155

2187 2179

2150

2170

Mazer CD, NEJM 2017, 2018



Six-Month Outcomes after Restrictive
or Liberal Transfusion for Cardiac Surgery

» The NEW ENGLAND

%% JOURNAL of MEDICINE

Subgroup N P Value for Interaction
<45 years 102 I O >
45 — 54 years 172 | o |
55 — 64 years 507 I O |
AgE 65 — 74 years 1556 ——— 0.004
75 — 84 years 2108 0=
85+ years 219 I O |
Female 1631
Sex Male 3033 | 0.822
: No 3391
Diabetes Ve i ’j__“_‘ 0.307
= 50mL/min 3849
Creat Clearance  _ 5omL/min 813 I 0.907
. No 3888
Pulm Disease Ves 276 % 0.858
CABG Only 1218
Surgery Non-CABG 2161 I 0.744
CABG+ Other 1285
Good 2887 |—J—|
. Moderate 1378 —t—
LV Function Poor 314 | o 0.845
Very Poor 83 I @ |
<120g/L 1083
Preop Hb >120g/L 3580 : 0.730
0.2 0.5 1 2 5

Mazer NEJM 2015

Favors Restrictive

Favors Liberal

Mazer CD, NEJM 2017, 2018



Is Liberal Red Blood Cell Transfusion Superior for
Patients with Acute Coronary Syndrome?

B Meta-Analysis of Randomized Controlled Trials

Journal Of ‘the Amencan Hear‘t ASSOC|a‘t|Dn Mujor Adverse Cardiovascular Evenis {all-cause death, myocardial infarction, and revascularization)
Trial Restrictive, n [ %) Liheral, n (%) Weight  Risk Difference (93% Confid Interval) Certainty of Evidence
CRIT 223 (¥4) 201901 1%) 8.2% + -2% (-20% 1o 16%5) =
MINT Filat 20054 [3T%) 15535 (27%) B.T% - 1% {-B% 10 27%)
RESEARBCH LETTER REALITY 11/342(32%)  9IMA(ZE%)  54.5% . 4% (3% 1o 1 1%)
TRICS-AMI 12784 [14%:) ol (%) 28.6% * 3% (-6% 1 13%%) -

Transfusion Thresholds for Acute Coronary L . T It

T T T
A0 3@ A3 9 10 I W

Syndromes—Insights From the TRICS- I e -

H H H Death
Ran do m Ized ContrOI | ed Trlal ] Syste matl C Trial Restrictive, m (%)  Liberal, n (%) Weight  Risk Difference (953% Confid Interval) Certainty of Evidence
H H CRIT 223 (94) 1419 (3%) £.3% . 3% (-12% 1o 159%) ~
ReVIeW: an d M eta-An alys IS MINT PFilat 1054 [19%) 55 (13%) 10.5% . 6% (-5% 1o 19%)
Mikchil Mistry, MSc; Gregory M. T. Hare, MD, PhD; Nadine Shehata, MD, MSc; Emilie Belley-Cote, MD, PhD; ——— T ) BR324 (20%) Rl - 3% (4% 0 %) -
Fabio Papa, MD; Robert S. Kramer, MD; Tarit Saha, MD; Duminda M. Wigysundera &, MD, PhD; TRICS-AMI TR (3%) 87101 (#24) 1.5 . 0% {-B% to B%)
Dennis Ko &, MD, MSc; Subodh Verma, MD, PhD; C. David Mazer &, MD Tatal AR50 (19%) R0 {16%) 0% - 2% (2% 1o T%) DB Moderate

Heteropeneity: Tau® = 0.00; Chit= 054, dF=3 (F=0810: F=0% 39 30 40 o 47 0 30

Tesa F Ricatrictd Litrel syier
Tesa for overall effect: £ = 1.04 (= 0.30) e L

Myvocardial Infarction
- .. Trinl Restrictive, m (%)  Liberal, n (%) Weight Risk Difference (95% Confid Interval) Certuinty of Evidence
A TRICS-AMI Cohort Characteristics MINT Pilat T54(13%) 5153 (99) 2% . %% (8% 10 16%)
Restrbctive Strategy (=59) Liberal Strategy (n=105) REALITY 330342 (10%) 217324 (&%) 56.7% . 3% {-1% 10 TH)
Age 674298 67.5+8.9 TRICS-AMI 579 (6%) 4195 (4%) 25.1% = 2% {-5% 10 #4) -
Male sex GRS (T7.5) E5/105 (81.0) Tatul 451475 (9%) IATH (%) (L fol 3% (0% 1o 6%) ) Miderate
Biody mass index 281242 27443 Heterageneity: Tow® = 0,00 Chi® = 009, dF= 2 (P = 0.95); I = 0% S A0 & 0 30
EnrpSCORE | 92240 0523 Test for averall effect: 7 = 1,73 (P = (108} Remtrictive safer  biliarod syfer
Preserved left ventricular function (gjection fraction =30%:) J2089 (36,00 04279
Treated hypertension TAED (B2.0) £4/105 (80,01 Revascularization
Mormal renal function (erearinine clearance =83 mbimin} ATIBE {53.4) 63104 (6.8 Trial Resirbctive, m (%) Liberal,m (%)  Weight  Risk Difference (95% Confidence Interval) Certainty of Evidence
Precgerative use of aspiein T2IEG (R4} 75105 (71.4) MINT Filat 154 (4%) V55 (0%) 6.0% . A (-Theto 1 0R6) -
Precperative anemda (male hemoglobin <13 pl; female <12 gfdL) A6/B9 (51.T) 48 1105 (45.7) REALITY 5342 (1%) G324 (2%) i, 2% a 0% {-2% 10 2%)
Duration of candiopulmonary bypasa, minuies 105235 10848 TRICS-AMI W77 (0P45) 1495 1%) 26.9% - 1% (-4% 1o 2%)
=1 Red blood cell kransfusion post-randimmtion 47/R9 {52.8) E3/105 {79.0) Tatal TiAT3 (1%) TidT4 (1%) T [} 0% (-2% ta 1%} BBO0 Low
Mumber of units I-E2 308 3.6] 451 leterogeneity: Taw® = 0.00; Chit = 194, dF =2 (P = 038 F-0%  J 1o 1o & 0 r— 1
Test for overall effect: Z = 0.36 (P = 0.72) Rextrictins sqfer  Libarod sofer

JAHA 2023



2018 Frankfurt Consensus Conference: Clinical
Research Recommendations for RBC Transfusion

Qaa

bt e RBC

cv
Gl
Hb
ICU
RBC

L

Thresholds
Strong recommendation, moderate-quality evidence < 70 g/ L

Conditional recommendation, moderate-quality evidence

Conditional + research recommendation, low-quality evidence " ) o
Critically ill, clinically
Research recommendation, low-quality evidence Brain injury: ool Ll
Further research {with septic shock):
needed*** Hb <7 g/dL
Research recommendation, very-low quality evidence e/

<75¢g/L

Cardiac surgery:

No evidence found Hb <7.5 g/dL

Non-cardiac/
orthopedic surgery:

Further research

Hip fracture with CV

TRANSFUSION

Hb <8 g/dL

Cardiovascular
Gastro-intestinal

Hemoglobin
Intensive Care Unit Coronary artery THRESH ULDS

(packed) Red Blood Cells disease:
Further research ;
needed Acute Gl bleeding
(hemodynamically
stable): Hb 7-8 g/dL
and further research

For patients with critical bleeding (major blood loss), Hb level is not
the most important, or deciding, factor in transfusion management.
It is difficult to perform studies in exsanguinating patients, and they

have been excluded from most trials. Stopping the bleeding is the Hematology - Tzl
priority — refer to published nationalfinternational guidelines on OnCOIOgV: Acute hleeding:

management of massive hemorrhage requiring transfusion support. Further research No further

Future research should focus on patients with non-malignant he- needed** research on

matological disorders and patients undergoing chemotherapy, not Hb thresholds™*
surgery for solid tumors.
Patients with cerebral perfusion disorders or acute central nervous

system injury (excluded: sickle cell disease)

Mueller JAMA 2019

<80 g/L
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Translational Research Program and Future Directions
N ™ » ‘ ‘

Optimized O: T y
Homeostasis /N

Demonstrated
Anemia-induced organ hypoxia in
Brain, heart and kidney

Sickle cell anemia (SCA)
Causes brain hypoxia and stroke

Anemia causes low brain oxygen
Increasing the amount of brain
injury after trauma

Muscle flaps have very low tissue
oxygen levels despite reconnected
vasculature

Diabetic drugs -SGLT?2 inhibitors-
improve kidney function by
regulating oxygen levels

Develop continuous blood oxygen
monitor for patients to reduce Myocardial
Injury (M) in patients undergoing surgery

Develop Inexpensive Oxygen Based
Therapies to Reduce Stroke In Children
with Sickle Cell Anemia Worldwide

Develop tissue oximeters to measure
brain oxygen levels and assess treatments
to reduce brain injury

Measure muscle flap oxygen levels and
improve success of tissue flaps for breast
reconstruction

Develop novel Strategies to Assess and
reduce the risk of Kidney Injury (AKI) in
patients with Diabetes

| Flap Failure

®

| AKI
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