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Quality Utilization- Efficacy Safety Transfusion

} Funding from TEM International, and CSL Behring for awtxiged cluster

RCT comparing ROTEM vs. conventional lab testing for cardiac surgery

nleeding (participating site)

+ Funding fromOctapharmdor a pragmatic RCT of cryoprecipitate vs.
fibrinogen for post cardiac surgery bleeding

+ Funding from the Defense Research and Development Canada for a
fibrinogen concentrate RCT in trauma

+ Funding from Canadian Blood Services to validate platelet bags for MHP
protocols

+ Funding from Canadian Blood Services for an RClagkvs. nolasixbefore
RBC transfusion8 TACO-BEL trials (x4)

+ Funding from Canadian Blood Services for the START trial
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Provincial Red Cell Utilization

Ontario RBC ComponentDisposition FY 2017 2018 2019
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2017-2018 Tx= 362815
Outdate Rate= 2604 (0.7%)
Dis_Other =5201 (1.4%)

2018-2019 Tx= 365140
Outdate Rate= 2897 (0.8%)
Dis_Other =5575 (1.5%)

2019- 2020 Tx= 351322
Outdate Rate= 2798 (0.8%)
Dis_Other = 5216 (1.5%)
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O Negative Blood Use

RBCs Issued 2019/20

All Units O Neg Percentage
National 708 108 86 329 12.2 %
Ontario 352 514 39 796 11.3 %



Thousands

units

Provincial Platelet Utilization

Ontario PLT Component DispositionFY 2017 2018 2019

2017-2018 Tx= 54069
Outdate Rate= 5754 (9.6%)
Dis_Other = 6147(10.2%)

2018-2019 Tx= 54946
Quidate Rate=5383 (8.9%)
Dis_Other =5776 (9.5%)

2019- 2020 Tx= 54586
Qutdate Rate= 5059 (8.4%)
Dis_Other =5462 (9.1%)
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Platelet Audit Results

+ 1693 adult platelet orders

16, 1%

B Appropriate
B inappropriate

B Indete rminate




Platelet Audit Results

: : : # (%) of
Highest 3 Inappropriate Categories for Adult Orders )
Inappropriate

Prophylaxis for spontaneous bleeding 371 (53)
Non-immune thrombocytopenia
A Hypoproliferative thrombocytopenia due to hematologic
malignancies, hematopoietic cell transplant or cytotoxic
chemotherapy, sepsis or medication induced
A Platelet count >10

Therapeutic 72 (10)
A Major elective non-neuraxial surgery or procedures
associated with major blood loss > 500 ml (up to 48 hours
post-op)
A Platelet count O50

Therapeutic 62 (9)
A Non - CNS bleeding WHO grade 2
A Pl atelet count 030



Provincial Plasma Utilization

___________________ Ontario PLASMAComponent Disposition FY 2017 2018 2019
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AB Plasma Issued Statistics

AB Plasma Issued 2019/20

National 105,302 16,422 15.6%
Ontario 53,532 9,020 16.8%



Provincial Cryoprecipitate Utilization
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Outline

}Why woul dndot you want to transfu
There is a down side!

+ When should you give RBCs?
Multiple randomized trials and me#aalyses to guide your decisions

+ When should you give PLTSs?

Multiple randomized trials and large cohort studies to guide your
decisions

Both RBC and PLT transfusion decisions are now
based on science, not the art of medicine.
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Case

}

—_ e md

69 year old female, G5P5 with metastatic cholangiocarcinoma admitted with
Ischemic stroke, renal and splenic infarcts thought to be secondary to cancer
related hypercoagulable state

Hb 74 g/L, asymptomatic, ariya
Prior to transfusion in no respiratory distress (on 1L/NP) with sat of 94%
1 unit over 2 hours ordered, no prransfusion furosemide

At 15 minute and approx. 15 mL infused she developed hypotensive shock,
fever, hypoxia, and bilateral infiltrates

Within 12 hours she expired due to progressive respiratory failure



Case

1 Investigation:

Donor 62 year old female with anHLA-DQAL, DQ7, DQ8, and DQ9 antibodies
(HLA class Il not available on patient) and@tk red cell (<2 mL plasma)

Recipient:
anttHLA-A2, B35, 44, Bw4 (recipient positive for all antigens)
anttHPA-5b
Anti-HNA-1a, 5a (recipient positive for both antigens)

} Conclusion: Fatal Transfustoalated Acute Lung Injury (TRALI)



The risks of RBCs & PLTs

14

Why you should always have some reluctance to order




Risks of RBCs

} Transfusion associated circulatory overload
Probably really common 6 1-6% of adults

1 Transfusiorrelated acute lung injury
Rate 1 in 10,000

} Acute and delayed hemolytic transfusion reactions

ABO-immunehemolysigby mistake)
RBC alloantibodies 1 in 13 (HDFN risk for girls and young women)
Delayed hemolytic transfusion reactions 1 in 7000

} More bleeding (from Gl bleeding trials)
+ HLA alloommunizatiorand risk of transplant ineligibility
} lron loading

15



> bloody easy 4, Ontario Transfusion Handbook, 2016.



What about PLT transfusion risks?

+ Febrile norhemolytic transfusion reaction (1 in 20)
} Urticarial reaction (1 in 100)
} Bacterial sepsis (1 in 10,000)

+ Acute hemolytic reaction (group O platelet to a norO
reci prent; aka oDangerous Gr



Bacterial Sepsis from Platelets

} Blood agar plate vs. hematologist
} Agar 20, hematologisizero
} 11in 2,600 infected (n=20)
} 11n 10,000 symptomatic sepsis (n=5)
All hematology patients
4 of 5 were outpatients
Onset 924 hours posttransfusion
All moderate to lifethreatening

1 died
None recognized aBaCon

BLOOD, 28 JANUARY 2016 - VOLUME 127, NUMBER 4



Sci ence not t he OAT t

Pertinent RBC Trials
33 RCTs with 18,083 patients

restrictive (/0 -75-80) vs. liberal (90 -95-100)



Pre-TRICC

Hebert P, etal. AmJ Resp CCM 1997; 155: 1618 -23
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Figure 1. Comparison of 30-Day Mortality Using Restrictive vs Liberal Hemoglobin Transfusion Thresholds in Randomized Clinical Trials

Restrictive Liberal

Transfusion Transfusion

Threshold Threshold

No. of Total No. of Total Favors | Favors
Source Deaths  Mo. Deaths No. RR (95% CI) Restrictive | Liberal Weight, %
Restrictive threshold, hemoglobin <8 to 9 g/dL :
Lotke et al, 75 1999 0 62 0 65 Mot estimable :
Blair et al, 53 1986 0 26 2 24 0.19(0.01-3.67) 0.4
Foss et al,53 2009 5 60 0 60 11.00(0.62-194.63) - » 0.4
Carson et al,8 1998 1 42 1 42 1.00{0.06-15.47) 0.4
Webert et al, %€ 2008 1 29 2 31 0.53 {0.05-5.58) S S 0.6
Cooper et al 51 2011 2 23 1 21 1.83(0.18-18.70) _— 0.6
Carson et al,>6 2013 7 S 1 55 7.00(0.89-55.01) — 0.7
Parker,78 2013 5 100 3 100 1.67 {0.41-6.79) —_— 1.5
Bracey et al,* 1999 3 215 & 222 0.52(0.13-2.04) _— 1.6
Bush et al,>5 1997 4 50 4 44 0.98 (0.26-3.70) _ 1.7
Hajjar et al,58 2010 15 249 13 253 1.17 {0.57-2.41) — 48
Gregersen et al,54 2015 21 144 12 140 1.70{0.87-3.32) — 5.4
Jairath et al, 2 2015 14 257 25 182 0.83(0.44-1.57) —ai 5.8
Carson etal,®® 2011 43 1009 52 1007 0.83(0.56-1.22) — 10.5
Subtotal 121 2321 122 2451 1.05 {0.78-1.40) < 4.2
Heterageneity: 1=0.02; x3,=13.14; P= 36; 7=9%
Tests for overall effect: z score=0.31; P=.76
Restrictive threshold, hemoglobin <7 g/dL
DeZern et al,®7 2016 1 59 2 0 0.25(0.02-2.69) _— 0.6
Hébert et al, 7 1995 8 i3 g 6 097 (0.42-2.22) — 38
de Almeida et al,"? 2015 23 101 8 a7 2.76(1.30-5.87) — 45
Lacroix et al,”* 2007 14 320 14 317 0.99(0.48-2.04) —— 4.7
Walsh et al, 85 2013 12 £l 16 49 0.72(0.38-1.36) —e 5.8
Murphy et al,’® 2015 26 1000 19 1003 1.37(0.76-2 .46) —— 6.5
Villanueva et al, 34 2013 19 416 34 417 0.56(0.32-0.97) —— 7.2
Hébert at al 59 1999 78 418 98 420 0.80(0.61-1.04) - 14.7
Holst et al, "1 2014 168 502 175 496 0.95(0.80-1.13) L ] 18.0
Subtotal 349 2900 375 2865 0.94(0.74-1.19) & 65.8
Heterogeneity: 12=0.05; ¥§=16.09; P=.04; P=50%
Tests for overall effect: zscore=0.53; P=.59 ;
Overall 470 5221 497 5316 0.97(0.81-1.18) Q OR 097 (081-1 16)

ests for overall effect: zscore=0.29; P=.

Tests for subgroup differences:x{:Dﬁd;P:.EE; 12=0% oo 01 RRI;E% o 10 100

The size of the data markers indicates the weight of the trial; RR, relative risk. Trials published after 2012 have been published si ‘JAM A 20 1 6 N ov 1 5 ’ 3 1 6 (1 9) 2 0%)3 5 .




Reduces the risk of transfusion: 0.54 (95% CI:0.47 to 0.63;
P<0.001; 12=95%)

And the number of units transfused (mean differended3
unit, 95% CI 2.01 to1 0.86; P<0.001)

Cost to put a single RBC unit into a patient $1000

Holst L, et al. BMJ 2015;350:h1354



Study

All studies
Almeida 2015
Bush 1997
Carson 2011
Carson 2013
Cooper 2011
Gregersen 2015
Hebert 1999
Holst 2014
Jairath 2015*
Parker 2013
Walsh 2013

Total

Test for heterogeneity: t°=0.03, ¥*=11.58, df=10, P=0.31, I’=14%

No benefit in CVD patients

Mo of events/
total No of patients

Restrictive Liberal
transfusion transfusion

7/22 0/12
4/49 4/50
43/1008 52/995
7/55 1/55
2/24 1/21
6/34 3/25
29/111 31/146
33/75 24/ 66
6/49 2/67
470 467
3/17 4/15
144[1514 126/1519

Test for overall effect: z=1.04, P=0.30

Studies randomised by CVD

Bush 1997
Carson 2011
Carson 2013
Cooper 2011
Walsh 2013
Total

449 4/50
43/1008 52/995
7/55 1/55
2/24 1/21
3/17 4/15
59/1153 62/1136

Test for heterogeneity: t°=0.06, y’=4.67, df=4, P=0.32, I’'=14%
Test for overall effect: z=0.17, P=0.87

0.01

Favours restrictive

Risk ratio MH random Weight

0.1

transfusion

effect (95% Cl) (%)

= 0.9

3.8
7.7
1.6

Al

1.3
4.0
23.9
26.5
2.8
3.7
3.8
100.0

3.8
7.7
1.6

1.3
3.8
100.0

10 100

Favours liberal
transfusion

BMJ 2016;352:i1351

Risk ratio MH random
effect (95% ClI)

8.48 (0.53 10 136.76)
1.02 (0.27 10 3.85)
0.82 (0.55t0 1.21)
7.00(0.89 10 55.01)
1.75(0.17 to 17.95)
1.47 (0.41105.32)
1.23 (0.79t0 1.91)
1.21(0.80 10 1.82)
4,10 (0.86 t0 19.47)
0.96 (0.25 to 3.67)
0.66 (0.18 to 1.50)
1.15 (0.88 to 1.50)

1.02 (0.27 to 3.85)
0.82 (0.55 t0 1.21)
7.00 (0.89 to 55.01)
1.75(0.17 10 17.95)
0.66 (0.18 t0 1.50)
0.96 (0.58 10 1.59)

OR 0.96 (0.58-1.59)



No benefit for cardiac surgery patients

Restrictive Liberal Risk Ratio Risk Ratio
Study or Subgroup Events Total Percent Events Total Percent Weight IV, Fixed, 95% ClI 1V, Fixed, 95% ClI
1.1.1 Adult Transfusion Threshold Trials
Bracey 1999 3 215 1.4% 6 222 27% 3.0% 0.52[0.13, 2.04] —_—1
Hajjar 2010 15 249  6.0% 12 253 47%  102% 1.27 [0.61, 2.66] 1=
Shehata 2012 4 25 16.0% 1 25 40% 1.2% 4.00 [0.48, 33.33]
Chkhaidze 2013 0 38  0.0% 0 35 0.0% Not estimable
Murphy 2015 26 1000 26% 19 1003 19%  16.3% 1.37 [0.76, 2.46] = B
Koch 2017 3 363 08% 6 354 1.7% 2.9% 0.49[0.12, 1.93] e
Mazer 2017 74 2427 3.0% 87 2429 36%  60.0% 0.85[0.63, 1.15] t
Subtotal (95% Cl) 125 4317 29% 131 4321 3.0%  93.7% 0.95 [0.75, 1.22]

Heterogeneity: Chi* =6.03, df =5 (P = 0.30); F=17%
Test for overall effect: Z=0.38 (P = 0.71)

1.1.2 Pediatric Transfusion Threshold Trials

Willems 2010 2 63 3.2% 2 62 3.2% 1.5% 0.98[0.14, 6.77)

Cholette 2011 0 30 0.0% 1 30 3.3% 0.6% 0.33[0.01,7.87] +

de Gast-Bakker 2013 0 53 0.0% 0 54 0.0% Not estimable

Cholette 2017 6 82 7.3% 5 80 6.3% 4.2% 1.17 [0.37, 3.68] —_—
Subtotal (95% Cl) 8 228 3.5% 8 226 3.5% 6.3% 1.01 [0.39, 2,57] e
Heterogeneity: Chi* = 0.54, df =2 (P = 0.76); F = 0%

Test for overall effect: Z=0.01 (P = 0.99)

Total (95% Cl) 133 4545 29% 139 4547 3.1% 100.0% 0.96 [0.76, 1.21] L

Heterogeneity: Chi? =6.58, df = 8 (P = 0.58); P = 0%
Test for overall effect: Z=0.36 (P = 0.72) : 4

- - . o e - 005 02 1 5 20
Test for subgroup differences: Chi* = 0.01, df = 1 (P = 0.92), I = 0% Eavoors Thatrictivs: Favouirs Rsesal

Figure 4 Mortality within 30 days of surgery in randomized controlled trials of adult and paediatric cardiac surgery patients. Fixed-effects meta-
analysis.

OR 0.96 (0.76-1.21)
Shehatat al.EurHeart J 2019:; 1: 1081088



ACP Clinical Practice recommendations

1 Patients: Adults with CHF/CHD and anemia
1 RBC: No benefit to a liberal transfusion strategy

1 Recommendation: ACP recommends a restrictive transfusion
strategy 70-80 g/L) for patients with CHD

} Note: MINT Trial underway across USA and Can@&dalease
try to enroll patients

25
Ann Intern Med 2013: 159: 7710.



No. of Restrictive Liberal P Value for
Subgroup Patients  Threshold Threshold Unadjusted Odds Ratio (95% CI) Interaction
no. of patients with eventftotal no. (%)
Age 0.004
<75 yr 2426 152/1218 (12.5) 13171208 (10.8) —o— 1.17 (0.91- 1.50)
=75 yr 2431 124/1210 (10.2)  172/1221 (14.1) —— 0.70 (0.54-0.89)
Sex 0.45
Female 1719 99/876 (11.3) 113843 (13.4) NP 0.82 (0.62-1.10)
Male 3138 177/1552 (11.4)  190/1586 (12.0) — 0.95 (0.76-1.18)
Diabetes 0.75
No 3526 200/1783 (11.2) 21171743 (12.1) — 0.92 (0.75-1.13)
Yes 1331 76/645 (11.8) 92/686 (13.4) — 0.86 (0.62-1.19)
Creatinine level 0.71
£2.26 mg/dl 4685  253/2348 (10.8)  277/2337 (1L.9) — - 0.90 (0.75- 1.08)
>2.26 mg/dl 172 23/80 (28.7) 26/92 (28.3) 1.02 (0.53-1.99)
Chronic pulmonary 0.67
disease
No 4057 2292023 (11.3) 2492034 (12.2) — L 0.92 (0.76-1.11)
Yes 800  47/405 (11.6)  54/395 (13.7) . 0.83 (0.55-1.26)
Surgery category 0.22
Non-CABG 2247 1111138 (9.8)  136/1109 (12.3) ——— 0.77 (0.59-1.01)
CABG only 1266 57/621 (9.2) 51/645 (7.9) * 1.1% (0.79-1.75)
CABG+ other 1344 108/669 (16.1)  116/675 (17.2) el 0.93 (0.70-1.24)
Left ventricular function 0.78
Very poor 84 6/46 (13.0) 6/38 (15.8) > 0.30 (0.24-2.72)
Poor 322 21166 (12.7) 21/156 (13.5) . 0.93 (0.49-1.78)
Moderate 1441  88/731 (12.0) $9/710 (12.5) el 0.95 (0.70-1.31)
Good 3010 161/1485 (10.8)  187/1525 (12.3) —— 0.87 (0.69-1.09)
Preoperative hemeoglobin 0.54
concentration
<12.0 g/dlI 1149 84/593 (14.2) 93/556 (16.7) NP 0.82 (0.60-1.13)
=12.0 g/dl 3708 1921835 (10.5)  210/1873 (11.2) I N 0.92 (0.75-1.14)
l].IES EI.IS{} 1.00 Z.E]ﬂ
TRICS I Restrictive Threshold  Liberal Threshold

Better Better

N Engl ] Med 2017;377:2133-44,

Composite: 0.90 (0.76 -1.07)
Death: 0.85 (0.62 -1.16)



TRISS 2014 RCT 0 70 vs 90 g/L In sepsis

27

A Time to Death

Probability of Survival

Mo. at Risk

Lower hemoglobin threshold
Higher hemoglobin threshold

1.0+

0.8+

0.6+

Lower hemoglobin threshold

Higher hemoglobin threshold

0.4+
0.2+
P=0.41
0.0 | | T T l | | T 1
0 10 20 30 40 50 L] 70 a0 80
Days since Randomization
502 334 306 286
496 321 287 273

Holst et al. NEJM 2014



TRISS 2014 RCT 0 70 vs 90 g/L In sepsis

B Relative Risk of the Primary Outcome
Lower Higher PValue
Hemoglobin  Hemoglobin for Hetero-
Subgroup Threshold Threshold Relative Risk [953% Cl) geneity
no. of events/mo. of patients in subgroup

Age | 0.85

=70 yr 93/173 98/ 185 —— 0.98 (0.73-1.18)

=70yr 123/329 125/311 — 0.94 (0.75-1.14)
Chronic cardiovascular i 0.25

disease !

Yes 42/75 33/66 : = 1.08 {0.75-1.40)

No 1741427 190/430 —— 0.90 {0.75-1.06)
SAPS II at baseline | 0.06

>53 112/207 139/226 — = 0.83 (0.64-1.04)

=53 104/295 84270 —-— 110 (0.91-1.30)
All patients 216/502 273/496 — 0.94 (0.78-1.09)

{I'?S 'D?T ll_ﬂ 1?5 E?'D
Lower Higher
Hemoglobin Hemoglobin
Threshold Threshold
Better Better

28 Holst et al. NEJM 201dpub



FOCUS Trial

Transfuse if
symptomatic or if

2016 pts

Hip # surgery

+ Cardiac RF or

disease \ Transfuse 1Hb <
100g/L

Median Age 82
Liberal group required 3x more RBCs

Outcomes

1°: 60 day mortality or
iInability to walk
independently

2°: Inhospital
outcomes, falls, fatigue,

readmit to hospital, 60
day mortality

NEJM 2011:365(26):24%52
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1 0%

8%

6%

4%

2%

0%

In-hospital

Mortality

B Liberal

B Restrictive

30 Day

all p=NS

60 Day



Acute UGI Bleeding

921 pts with
severe UGIB

Restrictive Liberal
Hb < 70 g/L Hb< 90 g/L

6 week survival 95% 91% P=0.02
Further bleeding 10% 16% P=0.05
Adverse events 40% 48% P=0.02
RBC transfusion 1.5 units 3.7 units | P<0.001
No RBC transfusion 51% 15% P<0.001

Villanueva et al. NEJM Jan 2013:36811



Traumatic Brain Injury

Hemoglobin transfusion

threshold, g/dL
10 (n=94)
7 (n=87)
Glasgow Outcome
_ _ Scale score
Lower incidence of TE events: [ ] Good recovery
109 22% [ ] Moderate disability
0 [ ] Severe disability
708% _ I Vegetative state
OR 0.32 (0.12.79, p=0.009) -

> JAMA. 2014;312(1):36-4/. doi:10.1001/jama.2014.6490



PPH 6 WOMB Trial

+ 37 Dutch hospitals, 521 women randomized

+ PPH with >1000 mkib drop of 19+ points, and hemoglobin between
48-79 g/L, no severe symptoms of anemia (dyspnea, syncope, HR>100)

1 Randomized to transfusion or no transfusion

20 - —— Red blood cell transfusion
—— Non-intervention

—— Reference: vaginal deliveries
Jansen et al, 2007

—
o
+ ly
/
/l
f/
//

Physical fatigue

Time (days postpartum)

BJOG 2014;121:1005—-1014.

Table 2. Blood loss, haemoglobin concentration, and RBC

transfusion
Variable Transfusion Non-intervention P
(n = 258) (n = 261)
RBC transfusion
Units per woman 2(2-2) 0 (0-0) <0.001
Total units* G117 88 <0.001
Hb concentration 9.0 (8.5-9.6) 8.9 (8.2-9.7) 0.56
after transfusion,
g/dl)**
Hb concentration 9.0 (8.5-9.5) 7.4 (6.8-7.7) <0.001
at discharge
(gfdl)* ok
Hb concentration 12.1 (11.3-12.6) 11.9(10.9-12.6) 0.18
at 6 weeks
(gjdht * % &
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TRIST Study
(Triggers In patients undergoing HSCT)

300 adult patients

Undergoing autologous or allogeneic HSCT
Trigger 70 vs. 90 g/L

Target 8090 vs. 10€1.10 g/L

Outcome QOL by FACIBMT scale

Mean pretransfusion hemoglobin difference between groups was 9.8}
g/L

} RBC units transfused in the restricthgtrategy group vs. the libergtrategy
group [2(26) vs. 4(26), p=0.10]

+ No difference in any clinical outcomes

—_— e e md d

Tay, J, et al. JCO 2020 May 1;38(13):1463-1473



TRIST Study

Tay, J, et al. JCO 2020 May 1:38(13):1463-1473



