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Steven A. Anderson, Mikhail Menis, Kathryn O'Connell, and Dale R. Burwen




|

Edames A, Sulllvan www.cellsallve.com

TRANSFUSION Volume 47, April 2007

Transfusions have been in clinical
use for over 50 years and have
become an indispensable part of
modern medical practice, especially
to allow for more aggressive therapy
in older, sicker, and debilitated
patients.

Considering that, every year, in the
US over 11 million units of red cells
are transfused in more than 3 million
patients, there is a surprising
paucity of data to guide decisions
about transfusions.
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The majority of RBCs will be
administered to elective surgical
(55%) and chronic/medical anemia
patients (30%); RBC demand for
these indications will continue to
increase as the population ages.

US: the majority (53.3%) of RBC units
are transfused in elderly patients
(>65y); France: 57.0%; England:
57.2%.

— There is the need to collect more
blood.
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REVIEW

BLOOD TRANFUSION IN CRITICALLY ILL PATIENTS:
STATE OF THE ART

Ludhmila Abrahio Hajjar, Jose Otivio Costa Auler Junior, Luciana Santos,
Filomena Galas

Hajjar LA, Auler Junior JOC, Santos L, Galas F. Blood tranfusion in critically ill patients: state of the art. Clinics.
2007.62(4):507-24.
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Anemia is very common in critically ill patients.

In general, more severely ill patients, as measured by
either APACHE Il or SOFA score, had a low baseline Hb
level and received more RBC transfusions.

Older patients are less tolerant of low Hb levels:

 The compensatory mechanisms that preserve oxygen delivery are generally
reduced (less able to increase heart rate and stroke volume in response to
exercise).

* The higher incidence of coronary artery disease and resulting reduced
capacity to increase coronary artery blood flow (ischemic cardiac
dysfunction from even a modest reduction in Hb).

This is likely to lead physicians to a more liberal use of RBCs
in elderly patients (advancing age as transfusion trigger).



Anemia P97
Critically ill
Elderly patients

Intensive care utilization increases with age and half of all ICU days are
currently used by patients older than 65 yrs (Crit Care Med 2004)
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Studies demonstrate that:

* 40%-50% of all patients admitted to the ICU will receive
blood transfusions

o after 1 week in ICU, 85% of patients will receive at least 1
RBC unit

e >2/3 of ICU transfusions are not associated with acute
blood losses
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Despite the prevalence of transfusion, there is
scant evidence of its effectiveness. Some questions still
remain to be appropriately answered:

Which are the real benefits and risks of transfusion?
Does transfusion improve outcome?
Should cardiac patients be individualized?

Are there well-conducted studies to guide transfusion
decision making?

Is there a trigger for Hb in critical patients?
Are there alternative methods to avoid transfusion?



Why critically ill patients are anemic?

Table 1 - Causes of anemia in the intensive care unit patient

Pre-existing chronic anemia
Acquired anemia

Hemodilution

Blood losses

- Surgerv. trauma

- Gastrointestinal bleeding
- Orther sources of bleeding
- Blood sampling

- Oher procedures

Decreased red blood cell production

- Decreased ervthropoietin svnthesis
- Resistance to ervthropoietin

- lron deficiency

Decreased red blood cell life span

Increased hemolvsis

MNutritional deficiencies

CLINICS 20076204 507224
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Blood conservation strategies to reduce the need
for red blood cell transfusion in critically ill patients

Alan T. Tinmouth MD MSc, Lauralynn A. Mclntyre MD MSc, Robert A. Fowler MDCM MS

CMA] « JANUARY 1,2008 + 178(1)
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Although a much clearer understanding of the
risks of RBC transfusion has developed since the
1980s, the risks of anemia and the benefit of RBC
transfusion are much less well characterized.
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RBC transfusion allows rapid volume expansion and
increased oxygen carrying capacity (to avoid tissue
ischemia).

RBC transfusion is a life-saving intervention in the
setting of acute hemorrhage.

... but RBC transfusion is not risk free ...

Evidence suggests that blood transfusion may be
associated with an increased risk of morbidity
(transfusion-trasmissible infections, immunological
risks, mistransfusion) and mortality.



© Infectious Risks

Table 3: Incidence of adverse effects associated with allogeneic
red blood cell transfusions®

RBC transfusion in

Incidence per

Adverse effect transfused units dGVGlOpEd countries has
Infectious probably never been safer
Viral infection than today with respect to
Hepatitis A 1:2 000000 transfusion-transmissible
Hepatitis B 1:31 000* to 1:81 0001 . .
Hepatitis C 1:1 935 000 to 1:3 100 000 viruses _(effeCtlve ]
HIV 1:2 135 000 to 1:4 700 000 preventive strategies have
HTLV /11 1:1 900 000 been implemented).
Bacterial contamination 1:14 000 to 1:28 000
Parasitic infection 1:4 000 000
Prion disease Rare

Note: HTLY = human T-cell lymphotrophic virus.

*Risk attributable to window of hepatitis B infection (before development of
positive hepatitis B surface antigen [HBsAg]) and chronic carriers of hepatitis B
virus who have undetectable levels of HBEsAg.

TRisk attributable to window of hepatitis B infection only.

CMA] « JANUARY 1,2008 + 178(1)
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Table 3: Incidence of adverse effects associated with allogeneic

red blood cell transfusions®

Adverse effect

Noninfectious

Febrile nonhemolytic reaction
Urticarial reaction
Anaphylactic reaction
Hemolytic transfusion reaction

Transfusion-related acute lung
injury (TRALI)

Incidence per
transfused units

1:500

1:50 to 1:100
1:23 000

1:9 000

1:1 300 to 1:5 000

Transfusion-associated 1:17 000
circulatory overload (TACO)

Post-transfusion purpura 1:143 000
CMA] « JANUARY 1,2008 + 178(1)

Non-infectious Risks

Non-infectious adverse
events remain the most
common complications
associated with
transfusion. The majority
of these are immune
mediated.
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 Noncardiogenic pulmonary edema with
dyspnea, acute hypoxemia, hypotension, and
occasionally fever.

* Incidence per transfused units: 1:1300 to
1:5000

 Symptoms appear 1 to 6 h after transfusion
and resolve in less than 48 h.

 Bilateral infiltrates are usually described on
chest radiograph.

* Mortality: 6-20%
Cause:

Ab nel plasma dell’unita trasfusa diretti contro Ag HLA
o granulocitari del ricevente o presenza di lipidi
biologicamente attivi che si liberano durante la
conservazione di emocomponenti cellulati

— L’evento finale & un danno endoteliale a livello dei
capillari polmonari con aumento della permeabilita che
instaura il quadro tipico di edema polmonare acuto
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In addition, in critically ill patients, there is an
association between blood transfusions and increased
risk of infections (wound infections, dehiscence,
pneumonia, osteomyelitis in orthopedic joint
replacements), earlier recurrence of malignancy (early
metastasis and early death after colon resection for
colon cancer), multiple-organ dysfunction in trauma
and surgical patients and death.



@ Why is blood transfusion associated with
worsened outcome?

REVIEW

Clinical consequences of red cell storage in the critically ill

Alan Tinmouth, Dean Fergusson, Ian Chin Yee, and Paul C. Hébert for the ABLE Investigators and the
Canadian Critical Care Trials Group

TRANSFUSION 2006:46:2014- 2027,



@ Why is blood transfusion associated with
worsened outcome?

% TRANSFUSION 2006:46:2014- 2027,

1) The biochemical and biomechanical changes in the RBC during ex
vivo preservation reduce RBC survival and function (“Storage
Lesion”). Prolonged RBC storage:

* renders RBC ineffective oxygen carriers

 modifies RBC which cause harm when transfused into vulnerable
patients via either a proinflammatory effect or the direct toxic effects

of products of RBC storage.

Fresh Blood (units <14 days old): small community hospitals

Old Blood (units >14 days old): trauma center and large community hospitals where
blood utilization rates are high

2) Immunouppressive effects of transfused blood: exposure to
allogeneic leukocytes may trigger an immune system response in
the recipient.



‘a/‘% CLINICS 2007:62(4) 507-24 Mistransfusion

Mistrasfusion occurs in 1:14 000 to 1:18 000 cases,
with an approximate morbidity and mortality rate of
1:600.000.

Approximately 50% of the errors occur at the
clinical level and 30% in the laboratory.



Does transfusion improve outcome?

The New England
Journal of Medicine

O Copyrighe, 1999, by the Massachuserts Medical Sociery

VOLUME 340 FEBRUARY 11, 1999 NUMBER 6

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

PauL C. HEgerT, M.D., GEorGE WELLS, PH.D., MoRris A. BLaJcHman, M.D., Joan MarsHaLL, M.D.,
Cravpio MarTin, M.D., GiusepPe PaGLIARELLO, M.D., MarTIN TweeoDale, M.D., PH.D., IrwIN ScHWEITZER, M.5C.,
ELEABETH YETISIR, M.5C., AND THE TRANSFUSION REQUIREMENTS IN CRITICAL CARE INVESTIGATORS
FOR THE CanaDIaN CRITICAL CARE TRIALS GROUP®
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In all of transfusion medicine, there has been only 1
large randomized trial to date.

The TRICC trial compared the outcomes of critically ill
Canadian ICU patients (n.838; mean age 57.6+18.2y)
managed with a liberal blood transfusion strateqy (420
patients; Hb values maintained between 10-12 g/dl) with a
restrictive fransfusion practice (418 patients; Hb
maintained between 7-9 g/dl).
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—A restrictive strategy of RBC transfusion is at least
as effective as the liberal transfusion strategy in
critically ill patients with the possible exception of
patients with acute myocardial infarction and
unstable angina.

—Hb concentrations should be maintained between
7.0 and 9.0 g/dl in critically ill patients (Hb level of 7
g/dl represents a “trigger” for transfusions)
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The mortality rate during hospitalization was
significantly lower in the restrictive strateqgy group (22.2%
vs 28.1%, p=0.05)

(patients received approximately three fewer units of blood than
those in liberal group; d 54% number transfusions).

Overall, 30 days mortality rate was similar in the
two groups (18.7% vs 23.3%, p=0.11).




W (N Engl J Med 1999;340:409-17.) |

However, the 30 days mortality rate rates were
significantly lower with the restrictive transfusion strategy
among patients who were less acutely ill -those with an
APACHE Il score <20 (8.7% vs liberal 16.1%, p=0.03)-, and
among patients who were less than 55 years (5.7% vs liberal
13%, p=0.02), but not among patients with clinically significant
cardiac disease (AMI, unstable angina) (20.5% vs 22.9%,
p=0.69).

Higher in hospital mortality rate associated with liberal transfusion practices is
striking:

eCardiac events (Ml and pulmonary edema) were more frequent in the liberal strategy
group than in restrictive during ICU stay (p>0.01) but there were no significant
differences in the rate of cardiac events (41% vs 44% p=0.86) in the 48h preceding
death among the patients who died

simmunomodulation or RBC storage lesion?
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE STUDY PATIENTS.*

RESTRICTIVE- LIBERAL-
TRANSFUSION TRANSFUSION
STRATEGY STRATEGY
CHARACTERISTIC (N=418) (N=420)
Male sex — no. (%) 269 (64 255 (al)
Age — wr 57.1+18.1 SR.1+18.3
APACHE 11 scoret 209+7.3 21.3+8.1
Mulaple-organ-dvstunction scored 74+35 J.6tie
No. of organs failling — no. (%)
0 108 (26) 95 (23)
1 175 (42) 203 (48)
2 100 (24) 83 (209
3 RN 2907
=3 5401 1002
Primary diagnosis — no. (%)
Respiratory disease 118 (28] 124 (307
Cardiovascular disease 76 (18) 94 (22
Trauma 85 (20 80 (19
Gastrointestinal disease 58 (14) 64 (15)
Sepsis 23 (6) 18 (4)
Neurologic abnormalicy 26 (6) 13 03)
Other 32108) 27 i(6)
Serious coexisting illness — no. (%) 126 (30 149 (35)

Inftecnon — no. (%) 114 (277 108 {26)
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE STUDY PATIENTS. *

CHARACTERISTIC

Locanon betore admission oo [CTU —
no. (%)

Operating room or recovery room
Emergency deparement
Another ward
Another hospiaal
Otcher

[nterventions in ICT — no. (%)
Mechamcal venulation
Pulmonarv-artery catheter
Dialysis

Oxvgen-delivery variables
Hemoglobin — g/dl§
Red-cell transfusion — unisy|
Total fluid intake — ml|
Vasoactive drugs — noo (%Y
Lactate — mmol/ licertT

,.
v

— N .

- 4_\.(\).1}

—

RESTRICTIVE-
TRANSFUSION
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LIBERAL-
TRANSFUSION
STRATEGY
{N=420)}

141 (34)
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113027
641013
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1500
181
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transfusion
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an - —
>
= Liberal-
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[43]
60 P=0.02
50 T T T T T 1
i 5 10 15 20 25 30

Days

Figure 2. Kaplan-Meier Estimates of Survival inthe 30 Days af-
ter Admission to the Intensive Care Unit in the Restrictive-Strat-
eqy and Liberal-Strategy Groups,

FPanel A shows the survival curves for all patients in the study
groups. Panel B shows the survival curves in the subgroup of
patients with an APACHE Il score of 20 or less, Panel C shows
the survival curves in the subgroup of patients who were
younger than 55 years.

(N Engl J Med 1999;340:409-17.) |
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B CARING FOR THE
CRITICALLY ILL PATIENT

Anemia and Blood Transfusion
in Critically Ill Patients

Jean Lows Vincent, ML Phly FOCP
Jean-Francos Baron, M1}

Ronrad Rembhart, MDD

Luciano Gattinon. M1

Lambert Thys. MDDy PRI

Andrew Webl, MDY

Andreas Meter-Hellmann., M1}

Cuy Nollet, MDD

[hahana Peres-Bota. M

for the AT [Il\'t*HIigahllrl'h

JAMA. 2002, 288:7499-7507
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ABC trial: prospective, multicentre, observational study
in 146 Western European ICU.

To define the incidence of anemia and use of RBC
transfusions in critically ill patients and to explore the
potential benefits and risks associated with transfusion.

2 study components: “a blood sampling study” (n.1136)
and an “anemia and blood transfusion study” (n.3534;
mean (SD) patient age: 61 (17) years, with 33.4% older
than 70 years). The patients were followed up from
admission to hospital until day 28 or death.
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— Both ICU and overall mortality rates (28 days)
were significantly higher in patients who has vs had not
received a transfusion (ICU rates: 18.5% vs 10.1%,
p<0.001; overall rates: 29% vs 14.9%, p<0.001).

Mean admission APACHE Il Score: 14.8 (7.9)

Overall mean pretransfusion Hb level: 8.4 g/di

-Transfusion may contribute to immunosuppression

-Variation in storage and preservation techniques of RBC



JAMA. 2002, 288:7499-7507
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Table 3. Patient Characteristics by Transfusion Status®

Variable

Transfused Mot Transfused P Valuet

A g . -~ 2 W
Age, mean (Sh), v

626 (15.2)

hod, s}

.2 017.0)

<001

Men, No. (%)

a20 (53.3)

[ ANE]]

11

Admission characteristics

Admitting Hb level, mean (SD), a/dlL 101 (2.1) 12.202.1) <, 001
Admitting SOFA score, mean (S0 G.6 (3.7) 4,2 13.5) <, 001
Admitting ARACHE Il score, mean (SD) 16.517.9) 13.5(7.7) <. 001

Recent history of anemia, Na., (%)

254 (17.5)

= 001

Recent history of blood loss, NG, (%)

594 (4.1)

Py
< 001

In shock at admission, No. (%)

445 (30.7)

<.001

Admission type, No. (%)
Elective surgery

217 (41.9)

51

Emergency surgery

338 (23.3)

<, |:] |:] 1

Medical

368 (25.0)

781 (3

<, O |:] 1

Trauma

12918.8)

140 6.

03

Other

18 i1.1)

42 (2.

03

Hospital length of stay, mean (S0, d

15.8 (9.0)

10.9 (7.

< 001

*Hb indicatas hemagloking SOFA, Saquentid Organ Failre Assassment; and APACHE NI, Acute Phiysiclogy and Chroric

Health Evaluation |l

tDue to missing data, the group sizes vary for sach comparnison.
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Table 2. Admitting Clinical Data®

JAMA. 2002, 288:7499-7507

Admission type
Elective surgery 1464 (41.4
Medical 1151 (32.6)

Emergency surgery 585 (16.3)
Trauma 289 (7,
Cther 58 (1.8)

Shock at ICU admissioni§ 705 (20.2)

Sepsisfseptic 271 (38.4)

205 (22.1)

Hemorrhagic 180 (25.5)

Other 94 (13.3)
Prirmary admission diagnosis

Coronary ischemic heart disease BaT7 (18.2)

Circulatory 579 (16.5)

Respiratory 549 (15.6)

Cardiogenic i

MNeurologic 307 (11.3)

Gastrointestinal 2353 (10.1)

Trauma 2
KidneyAurinary tract 12
Infectious 1
Hepatobiliarymancreatic 4 (2.7
Paoisaning a8 (2.5
Endocrinemetakolic 521(1.5)

AT SO
A7 B8

.~ ey
2 1:3.0)

Orthopedic 51 1(1.5)
Obetetric/gynecologic 45 (1.:3)
HematologicAmmunologic 18 (0.5)
Othet 166 (4.7)




Figure 2. Survival Analysis by Transfusion Status Among Propensity-Matched Patients

, Trarsfised
40 — —— Montransfus=d
S04
2
= 204
5
104 _
Log Rark =399, P = .05
I: T L] Ll 1
a 5 10 15 a0 25 30
Mo, at Risk Deiys
Tranzfuzed 516 451 444 422 407 402
Montransfusad  51e 4G2 445 44 435 430

JAMA. 2002, 288:7499-7507
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The CRIT Study: Anemia and blood transfusion in the critically
ill—Current clinical practice in the United States™
Howard L. Corwin, MD:; Andrew Gettinger, MD: Ronald G. Pearl, MD, PhD; Mitchell P. Fink. MD;

Mitchell M. Levy, MD: Edward Abraham, MD; Neil R. MacIntyre, MD; M. Michael Shabot, MD;
Mei-Sheng Duh, MPH, ScD; Marc J. Shapiro, MD
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Prospective, multiple-center, observational cohort study.

To examine the relationship of anemia and RBC
transfusion to clinical outcomes in critically ill patients
(4892 patients; average age of 60 years; 35% were >70
yrs) in 284 USA ICU (medical, surgical, and medical-
surgical).

Patients were followed for 30 days or until death or discharge
from the hospital. (Mean pretransfusion Hb level: 8.6+ 1.7g/dl)

Patients who received transfusions had worse
outcome: the number of RBC units transfused is an
indipendent predictor of worse clinical outcome
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The number of RBC units transfused was directly
related to mortality (ICU and hospital).

Mortality was:
-10% for patients who received no transfusions and
-25% among patients who received >6 transfusions.
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The number of RBC units transfused was significantly
associated with increased ICU and hospital LOS
compared with patients who did not receive
transfusions.

Patients with a transfusion amount of 1-2, 3-4, and >4
units had a corresponding increase in median ICU LOS
of 2.1, 3.8, and 10.1 days, respectively; and an increase
in median hospital LOS of 3.5, 6.7, and 16.6 days,
respectively, as compared with the median ICU LOS of
4.6 days and hospital LOS of 11.0 days observed in
patients who did not receive transfusions.
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Table 2. Patients” Characteristics

Total no. of patients 4862
No. of enrolling hospitals 213
No. of enrolling [CUs 2584

Mean * =p L Median/114)

Age, vrs ROLO + R3S 46.5/62.5/74.5
Sex,
Male

Mechanical ventilation, %
Ventilator duration. davs
[CTT mortality, ™

Hospital mortality,

-
-1
>

20401000

55
Female 45
Baseline APACHE 11 score 19.7 + 8.2 14.0/16.0/25.0
Baseline SOFA score h2 *+ 3.7 300600910
Baseline hemeoglobin level, g/dL 1.0 +24 04/ 108126
[CIT length of stav, davs T4 +73 2.0/4.0/4.0
Hospital length of stav, davs |22 £ 80 B0 9.0
hl
+
13

[
(o ]

[CTT intensive care umit: LG, lower quartile: UG, upper quartile: APACHE I1. Acute Physiology and
Chronic Health Evaluation 11 SOFA, Sequential Organ Faillure Assessment.
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Table 3. Admitting Diagnostic Categories

Admitting Diagnostic Category % of Patients

Respiratory failure 32
Postoperative 20
Prneumonia 15
Cardiovascular 12
Trauma 12
Sepsis/SIRS 11
Hemodvnamic instability 10
Neurologic 5
Gastrointestinal bleed 8
ARDS 3
Primary hematologic disease |
Other 23

sSIRS, svstemnic inflammatory response syn-
drome; ARDS, acute respiratory distress syndrome.

Forty percent of patients had more than one
admitting diagnosis.

Table 4. Co-morbid Conditions

Co-Morbid Condition

% of Patients

Hvpertension

Cardiac disease

Pulmonary disease
Gastrointestinal disease
Diabetes

Cancer

Musculoskeletal discase
Central nervous system disease
Anemia

Renal disease

Peripheral vascular disease
Thromboembaolic disease
Immunologic disease
Primary hematologic disease

45
30
33
27
24
18

15
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0 5 10 15 20 25 30
Number of Patients Days
at Risk of Death
Over Time:
Transfused: 1059 958 575 369 229 144 109
Nontransfused: 1059 915 619 190 238 139 100

Log-Rank=24.02; p<.0001.

Figure 7. Mortality by transfusion status for propensity-matched patients.
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Current evidence from studies of the influence of
blood transfusion on efficacy and clinical outcome
is seriously hampered by the absence of a
significant number of adequately powered
randomized clinical trials.

However, most studies suggest that Hb levels of 7-9
g/dl are well tolerated by most critically ill patients
and that a transfusion threshold of 7 g/dl is
appropriate.



@ Should cardiac patients be individualized?

The New England Journal of Medicine

BLOOD TRANSFUSION IN ELDERLY PATIENTS
WITH ACUTE MYOCARDIAL INFARCTION

WEN-CHIH Wu, M.D., SalF S. RatHore, M.P.H., YongFel WanG, M.S., MarTHA J. Raprorp, M.D.,
AND HarLan M. KrumHoLz, M.D.

(N Engl J Med 2001;345:1230-6.)
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Wu et al, analyzed the relationships among anemia
(hematocrit <39%), blood transfusion, and mortality in a
retrospective analysis of nearly 80.000 elderly (>65 years)
patients hospitalized for acute myocardial infarction.

—Lower admission hematocrit values (<33%) were
associated with higher 30-day mortality rates.

—Blood transfusion was significantly associated with a
reduction in 30-day mortality among patients with
admission hematocrit < 33%.
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When we look to the evidence coming from randomized
controlled trials, there are few available data to clarify the
topic. Published studies show no relation between higher
levels of Hb in cardiac patients and lower mortality.

TRICC Trial: no difference in mortality rate between the
restrictive and the liberal transfusion strategies in
patients with CVD (transfusion trigger of 7 g/dl would be
safe in these patients).



B ORIGINAL CONTRIBUTION

Relationship of Blood Transfusion
and Clinical Outcomes in Patients
With Acute Coronary Syndromes

Sunil V. Rao, MD

James G, Jollis, MD

Robert A. Harrington, MD

Christopher B. Granger, MD

L. Kristin Newby, MD

Paul W. Armstrong, MD

David J. Moliterno, MD

Lauren Lindblad, MS

Karen Pieper. M5

Eric J. Topol, MD

Jonathan 5. Stamler, MD

Robert M. Califf, MD

JAMA, 2004,292:7555-75¢
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To determine the association between blood
transfusion and 30-day all-cause mortality, occurrence
of Ml and composite death/Ml among patients with
acute coronary syndromes who develop bleeding,
anemia, or both during hospital course (24.112 patients
enrolled in 3 large international trials -GUSTO llb,
PURSUIT, PARAGON b trials-).

— Blood transfusion (ht 25%) in the setting of ACS is
associated with increased risk for 30-day mortality. Ht
< 25% may be tolerated without transfusion in
otherwise stable patients with ischemic heart disease.

JAMA. 2004:292:1555-1562 |
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30-day all cause death: 8.0% in transfuse patients vs
3.0% in non transfused (p<0.001)

Mi: 25.1% vs 8.1% (p<0.001)

composite death/Ml: 29.2% vs 10.0% (p<0.01)

JAMA. 2004,292:7555-7562
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Figure 1. Kaplan-Meier Estimates of 30-Day Mortality Among Patients Who Did and Did Not

Receive Blood Transfusion

0.104
— Trarsfusion

— Mo Transfusion

0,08+

0.064

urmulative Mortality

-

Propartion «

Log-rank P«.001

0] T T T T T 1
Randomization 5 10 15 20 25 30

No. at Risk Day
Transfusion 2308 2356 2317 2274 2237 2221 2189
No Transfusion 21684 21408 21248 21162 21102 21062 20884

Survival data were missing for 3 patients who received tranfusion and for 27 patients who did not receive
transfusion.
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The question of when to transfuse a patient
with coexisting cardiac disease thus remains
unanswered.

In these patients, the principles of allogenic blood
transfusion are largely based on early signs of

impaired oxygenation to specific organs or to entire
organism.
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G CLINICS 2007:6214):507-24 Transfusion in Heart Disease

Inadequate oxygenation may become
manifest locally in the form myocardial ischemia
(new ST-segment depressions > 0.1mV or new ST-
segment elevations > 0.2mV during more than 1
minute are regarded as markers of myocardial
ischemia) or globally in the form of a general
hemodynamic instability (hypotension and
tachicardia despite normovolemia).

The evidence available at present does not support
higher transfusion thresholds (9-10 g/dl) in patients
with cardiovascular diseases.



BLOOD TRANSFUSION IN
SEPTIC PATIENTS



%A% | Transfusion in Septic Patients

In patients with sepsis, RBC transfusion has
been commonly used over the last two decades as a
means to immediately improve systemic oxygen
delivery and to prevent cellular injury.

However, clinical studies have not consistently
demonstrated that this therapeutic maneuver is
accompanied by an increase in oxygen use at either
the whole-body level or at the level of the individual
organs.

— Septic patients do not benefit from a higher Hb
level.

CLINICS 200762040 507-24
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Critical Care December 2001 Vol 5 No & Fernandes ef al

Research article
Red blood cell transfusion does not increase oxygen

consumption in critically ill septic patients
Constantino J Fernandes Jr, Nelson Akamine, Fernando VC De Marco, José AM de Souza,
Sofia Lagudis, Elias Knobel

Intensive Care Unit, Hospital lsraelita Albert Einstein, Sao Paulo, Brazil



Sromn % = Crit Care, 2001

This study evaluates the hemodynamic data

and oxygen utilization effects (calorimetry to measure
systemic oxygen consumption; gastric tonometry and gastric

pH to measure gastric oxygen consumption) obtained
before and immediately after RBC transfusion or
albumin infusion in critically ill septic ICU patients.

—Hb increase does not improve either global or
regional oxygen use in anemic septic patients
(cellular changes in stored RBC prior to
transfusion?).
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= (CHEST 1999; 115:453-461}

clinical investigations in critical care

A Randomized and Controlled Trial of
the Effect of Treatment Aimed at
Maximizing Oxygen Delivery in Patients
With Severe Sepsis or Septic Shock*

Inmaculada Alia. MD: Andrés Esteban, MD. PhD: Federico Gordo. MD:
Jose A, Lorente, MD, PhD: Cesar Diaz, MD: Jose A. Rodriguez, MD; and
Fernando Frutos. MD



L % A ? - D (CHEST 1999: 115:453-461)

To evaluate the effects of increased oxygen
delivery on mortality in medical-surgical ICU patients
(>65y) with severe sepsis or septic shock:

control group: conventional therapy with a normal targeted value of
oxygen delivery treatment group (...RBC transfusion if Hb <10 g/dl):

> targeted value of oxygen delivery (>600 ml/min/m2).

The rate of ICU mortality in the control group patients
(66%) was similar to that seen in the treatment group
(74%) (p=0.46).

— Treatment aimed at maximizing oxygen delivery in these
patients does not reduce mortality.



(CHEST 1999: 115:453-461)

SURVIVAL PROBABILITY
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0 10 20 30 40 50 60 70

Length of stay in theintensive care unit after enroflment (days)

F1GURe 2. The Kaplan-Meier curves of the lpmlm['ni]it_\' of survival over time between patients in the
control group (dashed line) and patients in the treatment group (solid line). The p value was 0.50 for
log-rank test.




‘a“a il Transfusion in Septic Patients

Special Article

Surviving Sepsis Campaidn: International guidelines for
management of severe sepsis and septic shock: 2008

R. Phillip Dellinger, MD; Mitchell M. Levy, MD; Jean M. Carlet, MD; Julian Bion, MD; Margaret M. Parker, MD: Roman Jaeschke, MD:
Konrad Reinhart, MD; Derek C. Angus, MD, MPH: Christian Brun-Buisson, MD; Richard Beale, MD; Thierry Calandra, MD, PhD:
Jean-Francois Dhainaut, MD: Herwig Gerlach, MD; Maurene Harvey. RN; John J. Marini, MD: John Marshall, MD; Marco Ranieri, MD:
Graham Ramsay, MD: Jonathan Sevransky, MD; B. Taylor Thompson, MD: Sean Townsend, MD: Jeffrey S. Vender, MD;

Janice L. Zimmerman, MD; Jean-Louis Vincent, MD, PhD: for the International Surviving Sepsis Campaign Guidelines Committee

Crit Care Med 2008 Vol. 28, No. 1



- ? ,? Transfusion in Septic Patients

RBC transfusion in septic patients increases oxygen
delivery aut does not usually increase oxygen
consumption.

In the absence of extenuating circumstances, such as
myocardial ischemia, severe ipoxemia, acute
hemorrhage, heart disease, or lactic acidosis, the
guidelines recommends that RBC transfusion occur
when Hb < 7.0 g/dl to target a Hb of 7.0-9.0 g/dl in
adults.

Crit Care Med 2008 Vol. 28, No. 1
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CHEST

Official publication of the American C ollege of Chest Physicians

Do Blood Transfusions Improve Outcomes
Related to Mechanical Ventilation?*

Faul C. Hébert, MD, MHSc; Morris A. Blajchman, MD;

Deborah | Cook, MDD, FCCF, MSe(Epid): Elizabeth Yetisir. MSc;

Ceorge Wells, MSc, FRD; John Marshall, MD); Irwin Schweitzer, MSc: and the
Transfusion Requirements in Critical Care Investigators for the Canadian
Critical Care Trials Group

(CHEST 2001: 119:1850—-1857)



o % /ua (CHEST 2001 119: 1850 _1857)

Correcting the decrease in oxygen delivery from
anemia using RBC transfusion has been hypothesized to

help with increased oxygen demands during weaning
from mechanical ventilation.

TRICC trial: whether a liberal RBC transfusion strategy
(356 patients; age: 59+18.4y; Hb values maintained

between 10-12 g/dl) improve outcomes related to
mechanical ventilation.



o % A.% (CHEST 2001: 119:1550-1857)

No significative differences in the duration of
mechanical ventilation (8.3+8.1 days vs 8.3+8.1days;
p=0.48), in the number of ventilator-free days during the
30 days of observation once extubated (17.5+10.9 days
vs 16.1+11.4 days; p=0.09), or in the time necessary to
seccessfully wean and extubate patients from
mechanical ventilation for at least 24 h (82% vs 78%;
p=0.19) among those receiving a restrictive transfusion
strategy vs liberal transfusion strategy.

— The study does not support the hypothesis that RBC
transfusions improve outcomes from mechanical
ventilation (Hb 7.0-9.0 g/dl is a reasonable value).
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Official publicatien of the American C allege of Chest Physiclans

Prognostic Value of the Hematocrit in
Patients With Severe COPD Recelving

Long-term Oxygen Therapy*

Arnaud Chambellan. MD: Edmond Chailleux. MD:
Thomas Similowski, MD, PhD: and the ANTADIR Observatory Group

(CHEST 2003: 128:1201-1208) \



W (CHEST 2005; 128:1201-1208) |

Although traditionally associated with polycythemia,
COPD has a systemic inflammatory component that
could interfere with erythropoiesis.

The study (retrospective observational)
describes the prognostic value of the hematocrit in
2524 patients with severe COPD receiving long-term
oxygen therapy (LTOT) (mean age: 68+10y men;
70+10y women). Mean duration of follow up was 10
years.

— Ht is negatively associated with mortality and
morbility (LOS and admission rate).

Ht < 39% in 12.6% of men; <36% in 8.2% of women) WHO
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(CHEST 2005: 128:1201-1208) |

Survival was increased when the ht was high and
reached the longher duration in polycythemic patients
(p<0.001)

3-year survival:

24% if ht <36%
36% if ht 35%-39%
47% if ht 40%-44%
51% if ht 45%-49%
59% if ht 50%-54%
70% if ht >55%
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Grun ? o % 2 eiaric (CHEST 2005; 125:1201-1208) |

The annual hospital admission rate and the cumulative
hospital LOS were highest in patients with lowest ht

admission rate:
ht <35% n.hospitalization/year: 1.41+1.24
ht >55% n.hospitalization/year: 0.96+0.99

LOS: ht <35% n.days in hospital/year: 25.1+35.1 days
ht >55% n.days in hospital/year: 17.5+23.4 days

Whether corrective measures (emotransfusions) in these
patients are warranted remain to be determined.



@ Are there alternative methods to avoid transfusion?

Blood conservation strategies to reduce the need
for red blood cell transfusion in critically ill patients

Alan T. Tinmouth MD MSc, Lauralynn A. Mclntyre MD MSc, Robert A. Fowler MDCM MS

CMA] « JANUARY 1,2008 + 178(1)
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—There is a paucity of randomized, controlled clinical trials
evaluating the clinical outcomes and evaluating the cost-
effectiveness of blood transfusion alternatives.

A number of blood conservation strategies have been used
in the treatment of acute blood loss in critically ill patients.

These strategies are generally secondary measures that
complement the primary treatment aimed at achieving
hemostasis (i.e. surgery, endoscopy — most critical factor in
stopping bleeding and reducing the need for blood
transfusion).



CMAL « lanNtiARY 1 2008 « 172011

Table 1: Summary of clinical recommendations and evidence base for blood conservation strategies to reduce the need for blood
transfusions in critically ill patients

Strategy

Mechanism of action

Potential benefits and advantages

Evidence base

To reduce acute blood loss
Antifibrinolytic agents

Tranexamic acid or
epsilon aminocaproic acid

Aprotinin

Desmopressin

Recombinant activated
factor VIl

Artificial oxygen carriers
(modified hemoglobin

substitutes, perfluorocarbons)

Improved hemostasis

Improved hemostasis

Improved hemostasis from
increased factor VIl and
von Willebrand levels

Improved hemostasis

Increased oxygen transport
without blood transfusion;
increased ability to perform
acute normovolemic
hemodilution

Reduced risk of recurrent bleeding and death
associated with gastrointestinal bleedingt

Reduced risk of perioperative bleeding and need
for reoperation in cardiac surgery patients

Under investigation for use in trauma patients

Reduced risk of perioperative bleeding and need
for reoperation in cardiac surgery patients

Reduced risk of bleeding in patients with
congenital coagulation defects (platelet
dysfunction, von Willebrand’s disease, mild
hemophilia A) and those with renal failure

Possible benefit in selected cases refractory to
standard surgical and medical treatmentf

Possible reduction in need for transfusiont
Prolonged shelf-life

Products can be stored at room temperature
No risk of disease transmission

No immunologic effects

Meta-analysis

Meta-analysis

Meta-analysis

Observational
studies

Case reports;
expert opinion

RCT
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Table 2: Potential risks and disadvantages associated with blood conservation strategies

Strategy

Potential risks and disadvantages

Antifibrinolytic agents

Desmopressin

Recombinant activated factor VIl

Artificial oxygen carriers (modified
hemoglobin substitutes, perfluorocarbons)

Thrombosis
Possible increased risk of death with use of aprotinin
Thrombosis
Thrombosis

Mo benefit with routine use in cases of trauma or
massive bleeding

Short half-life

Interference with laboratory measures with use
of hemoglobin substitutes

Vasoreactivity with use of hemoglobin substitutes

Use of 100% oxygen to provide effective oxygenation
with use of perfluorocarbons may cause lung injury
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Table 1: Summary of clinical recommendations and evidence base for blood conservation strategies to reduce the need for blood
transfusions in critically ill patients

Strategy

Mechanism of action

Potential benefits and advantages

Evidence bhase

To prevent subacute anemia

Reducing blood loss associated

with diagnostic testing

Closed blood sampling
techniques

Small-volume sample tubes

Point-of-care microanalysis

Erythropoietin

Restrictive red blood cell
transfusion trigger*

Reduction of iatrogenic blood
loss from diagnostic testing

Reduction of iatrogenic blood
loss from diagnostic testing

Reduction of iatrogenic blood
loss from diagnostic testing

Increased production of red
blood cells in bone marrow

Raised hemoglobin threshold
for red blood cell transfusion

Increase in hemoglabin level

Elimination of “discard” blood loss before testing

in patients with in-dwelling central catheters

Reduced risk of bacterial contamination of
catheter hubs and blood-stream infections

Reduced blood loss

Short turnaround time for test results
Reduced personnel time

Increase in hemoglobin level and possible
reduced need for transfusion

Possible reduction in mortality among trauma
patientst

Reduced need for blood transfusion without
increase in morbidity or mortality in most
critically ill patients

RCT
RCT
Expert opinion
RCT

Expert opinion

RCT; meta-
analysis

RCT subgroup
analysis

RCT

Note: RCT = randomized controlled trial.

*For example, a change in hemoblogin threshold for transfusion of 70 /L.
TFurther results from recent phase Il randomized controlled trials are required to determine benefits and harms.
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Table 2: Potential risks and disadvantages associated with blood conservation strategies

Strategy

Potential risks and disadvantages

Reduction of blood loss associated
with diagnostic testing

Closed blood sampling techniques
Small-volume sample tubes

Point-of-care microanalysis

Erythropoietin

Restrictive blood transfusion trigger

Retrograde arterial embolization
Potential for insufficient volume for diagnostic testing

Variable accuracy and precision (need for ongoing
quality assurance and calibration)

Thrombaosis

Possible risk of death among patients with active
cardiac disease




© Erytropoietin use in critically ill patients

A major feature of anemia in critical iliness is the
failure of circulating erytropoietin concentrations
to increase appropriately in response to a
reduction in the patient’s Hb concentration.

These observations have suggested that
administering pharmacological doses of
erytropoietin will increase the Hb concentration in
critically ill patients through stimulation of
erytropoiesis and thus decrease their need for
RBC transfusions.

CMAJ 2007;177(7):725-34
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Erythropoietin-receptor agonists in critically ill patients:
a meta-analysis of randomized controlled trials

Ryan Zarychanski MD, Alexis F. Turgeon MD MSc, Lauralyn Mcintyre MD MHSc,

Dean A. Fergusson MHA PhD

9 randomized controlled trials (RCTs) included in the systematic review

Study RCT type
Still et al™ Multicentre
Gabriel et al'™  Single centre
Corwin et al' Multicentre
Van Iperen

et al™ Single centre
Corwin et al® Multicentre

Georgopoulos
et al"

Silver et al'?
Vincent et al'®
Corwin et al®

Multicentre
Multicentre
Multicentre
Multicentre




Table 1: Characteristics of the 9 studies included in the meta-analysis

APACHE Il
MNo. of score,
patients, EPO/control, Study Duration of  Duration of
Study n EPO/control mean population EPO dose* Control intervention  follow-up
Still et al'? 40 19/21 NR Burn unit 300 U/kg for 7 d, then Placebo Max30d  36d (mean)
150 U/kg every other
day for 23 d
Gabriel 21 11/10 10/11 Mixed 600 U/kg intravenous, Placebo and  Max 3wk 21d
et al" (medical and 3 times/wk + iron, iron, folic
surgical ICU) folic acid and vitamin  acid, vitamin
B12 B12
Corwin et al’ 160 80/80 18/18 Mixed 300 U/kg/d for 5 d, Placebo and Max 42 d 42d
(medical and then every other day iron
surgical ICU) +iron
Van Iperen 36 12/ 28/ Mixed 300 U/kg every other A: folic acid  Max 5 doses 21d
et al' A:12/B:12 A:26/B:24 (medical and day (max 5 doses) + B: iron and
surgical ICU)  iron and folic acid folic acid
Corwin et al® 1302 652/650 20/20 Mixed 40 000 U/wk + iron Placebo and  Max 3wk 28 d
{medical and iron
surgical ICU)
Georgopoulos 148 A: 51/B:49/ A:14/B:15/ Mixed A: 40 000 U/wk + iron Min-max, 28d
et al" 48 14 (medical and B: 40 000 U, Iron 2-3 wk
surgical ICU) 3 times/wk + iron
Silver et al' 86 42/44 17/16 Long-term 40 000 U/wk + iron Placebo and  Max 12 wk 4,844
(median) acute care iron
hospital
Vincent 73 48/25 17/14 Mixed 40 000 U/wk + iron Placebo and  Max4wk  28d (mean)
et al's (medical and iron
surgical ICU)
Corwinet al®* 1460 733/727 20/20 Mixed 40 000 U/wk + iron Placebo and  Max3wk 29,42, 140d
(medical and iron

surgical ICU)
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The utility of erytropoietin-receptor agonists in the
setting of critical illness is unclear despite the
publication of several randomized controlled
trials.

At this time, the authors do not recommend the
routine use of erytropoietin-receptor agonists in
these patients because of a very small decrease
in the use of RBC transfusions and insufficient
evidence to determine whether treatment results
in clinically important benefits (decreased
mortality, LOS, duration of mechanical ventilation,
major adverse events).




@ TRANSFUSION GUIDELINES

Guidelines for blood transfusion have been issued by
several organizations, including:

National Institute of Health Consensus Conference
American College of Physicians

American Society of Anesthesiology

Canadian Medical Association

British Society for Haematology



British Committee for Standards in Haematology
Blood Transfusion Task Force

British Journal of Haematology, 20010, 113, 2431

Guideline

GUIDELINES FOR THE CLINICAL USE OF RED CELL TRANSFUSIONS

General Principles

There is no universal “trigger” for RBC transfusions (a given concentration of
Hb at which transfusion red cells is appropriate for all patients). Clinical
judgement plays a vital role in the decision to transfuse.



@ 1) ACUTE BLOOD LOSS (SURGERY, TRAUMA OR BLEEDING)

The effects of anemia must be considered separately from the
reduction in blood volume alone. Maintenance of normovolemia is
the single most important strategy for ensuring adequate tissue
perfusion.

A blood volume loss of:

*15% — no need for transfusion unless blood loss is

(750 ml) superimposed on pre-existing anemia or the
patient is unable to compensate because of
severe cardiac or respiratory disease

15-30% — need to transfuse crystalloids or synthetic

800-1500 ml)  colloid; need for RBC transfusion is unlikely
unless the patient has pre-existing anemia,
reduced cardiorespiratory reserve or blood
loss continues



@ « 1) ACUTE BLOOD LOSS (SURGERY, TRAUMA OR BLEEDING)

A blood volume loss of:

30-40% — rapid volume replacement is required with
(1500-2000 ml)  crystalloids or synthetic colloids, and

RBC transfusion will probably necessary

 >40% — is life-threatening and volume replacement,
(>2000 ml) including RBC transfusion, is required



@ 1) ACUTE BLOOD LOSS (SURGERY, TRAUMA OR BLEEDING)

e Hb > 10 g/dl > transfusion is rarely indicated

Hb <7 g/dl —» transfusion is almost always indicated

(stable patients: 2 units of blood — clinical situation and
Hb concentration should be reassessed)

e Hb 7-10 g/dl -» indications for transfusion should be
based on the patient’s risk of
inadequate oxygenation from ongoing
bleeding and/or high-risk factors

In patients who may tolerate anemia poorly, e.g. patients >65y,
cardiovascular or respiratory disease, transfusions are indicated
when Hb becomes <8 g/dl.
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'.“":*1»‘] 2) PERIOPERATIVE TRANSFUSION

it

Prior to surgery, the aim should be to manage the patient so as to
avoid transfusion by treating pre-existing anemia, discontinuing
anti-platelet drugs, reversing coagulation, and considering various
strategies for autogenic transfusion. Pharmacological agents to
raise Hb and reduce surgical bleeding should also be used as
appropriate.

Hb > 10 g/dl »>transfusion is rarely indicated

Hb <7 g/dl — asymptomatic patients may need to be
transfused if:

* scheduled surgery is expected to produce significant blood loss

* the risks associated with general anesthesia are high



’ @ 3) CHRONIC ANEMIA

A. The cause of anemia should be established. RBC
transfusion is controindicated if specific replacement therapy
is possible (iron, vit B12, folic acid, EPO); transfusion should
only be used under these conditions if the situation is life-
threatening, such as in case of emergency surgery, acute
blood loss, or trauma

B. Anemia secondary to aplasia or bone marrow suppression
in patients with no symptoms of anemia and:

-no high risk factors — Hb of 6-7 g/dl may be sufficient;

-evidence of cardiovascular, pulmonary or cerebral disease —
may need to be transfused with a Hb of > 7g/dlI

Patients with symptoms of anemia should be transfused.



W SURGICAL PATIENTS

B SPECIAL ARTICLES

Anesthesiology 2000; 105:198 -208

Practice Guidelines for Perioperative Blood Transfusion
and Adjuvant Therapies

i 2006 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

An Updated Report by the American Society of Anesthesiologists Task Force on
Perioperative Blood Transfusion and Adjuvant Therapies
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C. Focus

These Guidelines focus on the perioperative manage-
ment of patients undergoing surgery or other invasive
procedures in which significant blood loss occurs or is
expected. This includes but is not limited to (1) patients
undergoing cardiopulmonary bypass or cardiac surgery,
urgent or emergent procedures, obstetric procedures,
organ transplantation, and major noncardiac surgery; (2)
patients with preexisting blood disorders or acquired
deficiency secondary to massive bleeding; (3) critically
ill patients; and (4) patients who elect not to undergo
transfusion. Excluded from the focus of these Guidelines
are neonates, infants, children weighing less than 35 kg,
and nonsurgical patients.

Anesthesiology 20006; 105:198 -208



Anesthesiology 20006; 105:198 -208

RBC should usually be administered when the Hb
concentration is less than 6 g/dl, especially when the
anemia is acute.

RBC are usually unnecessary when the Hb
concentration is more than 10 g/dl.

The determination of whether intermediate Hb
concentration (6-10 g/dl) justify or require RBC
transfusion should be based the patient’s risk factors
for complications of inadequate oxygenation (i.e.low
cardiopulmonary reserve and high oxygen
consumption).



Guidelines for red blood cell

and plasma transfusion for adults
and children

Expert Working Group*

CAMN MED ASSOC | » JUME 1, 1997; 156 (11 suppl)

Guideline for Red Blood Cell and Plasma Transfusion: A Summary

Revised: 2004

This guideline is updated from the Expert Working Group. Guidelines for Red Blood Cell and Plasma Transfusion for Aduits and Children’

*Members of the Expert
Working Group are: Edward
Crosby, MD, FRCPC (chair),
Oreawa General Hospiral,
Oteawa, Ont.; David Ferguson,
MD, FRCPC, Roval Columbian
Haospital, New Westminister,
BC; Heather Ann Hume, M,
FRCPC, Hopital Sainte-Justine,
Montréal, Qué.; Jonathan B.
Kronick, MD, PhD, FRCPC,
Children’s Hospital of Western
Ontario, London Healdh
Sciences Centre, London, One.;
Bryce Larke, MD, CM, DclSc,
Canadian Red Cross Society
Blood Transfusion Service,
Edmoncon, Alea.: Pierre
LeBlond, MD, CSPQ, Hopital du
Samnt-S5acremenc, Québec, Que.;
Barry McLellan, MD, FRCPC,
Sunnybrook Health Science
Cenere, Toroneo, One,;
Theodore E. Warkentin, MDD,
FRCPC, FACP, Hamileon
Health Sciences Corporation,
Hamilton General Campus,
Hamilton, One.

2007 Update




@ CAN MED ASSOC J  JUNE 1, 1997; 156 (11 suppl)

? A ? . Special supplement Revised 2004

Clinically stable patients:

For clinically stable patients who are not at risk for
coronary artery disease, transfusion is more likely to be
beneficial when [Hb] is less than 60 g/L., but not when
[Hb] is greater than 80 g/L, as long as normal blood vol-
ume is maintained and patient assessment is ongoing.
Critically ill patients and those at risk for coronary
artery disease are less likely to be as tolerant of low [Hb]
and will likely benefit from maintenance of a higher
range of [HbI than patients not at risk.



@ Acute Blood Loss

There is currently no evidence to support a threshold
value for initiating blood transfusion in the case of acute
blood loss. All recent reviews have refuted the concept
of a transfusion threshold, most concluding that insuffi-
cient evidence exists to support a single hemoglobin re-
quirement.** The decision to administer red blood cell
transfusions should be determined by evaluating the rate
of ongoing blood loss, evidence of end-organ compro-
mise and the risk or presence of coronary artery disease.

The primary treatment goals in this setting are to

restore intravascular volume, to ensure sufficient oxygen

carrying capacity and to stop the blood loss as soon as

possible. Management of a patient with acute blood loss

should also include other measures to maximize the oxy-

genation of circulating blood (such as airway manage-

ment, administration of oxygen and treatment of pul- /Revised 2004

monary injuries). o '
CAN MED ASSOC J » JUNE 1, 1997; 156 (11 suppl)

Special supplement
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? A ? Y Special supplement Revised 2004

e Chronic Anemia

Before considering transfusion of red blood cells for
the treatment of chronic anemia, it is essential to deter-
mine the cause of the anemia so that, where appropriate,
treatment other than red blood cell transfusion may be
used. Classic examples of anemias that may be severe but
correctable by alternative therapies are iron-deficiency
anemia in childhood and pernicious anemia in adults.

If red blood cell transfusion is considered necessary
for the immediate treatment of a chronic anemia, the
goal need not be to attain a normal [Hb] but rather to
attain a [Hb] that will avert the danger of inadequate tis-
sue oxygenation or cardiac failure.



‘Revised 2004

Practice Point

The attending physician should explain to the patient the reason for transfusion, obtain informed consent and
document the discussion in the patient’s record.

Red Blood Cells

Red blood cell transfusion 1s one of several alternatives or adjunctive therapies for patients with clinically

significant anemia, or anticipated anemia with scheduled surgery. Suitable alternatives must be considered

whenever time 1s available for their implementation.

In acute blood loss, transfusion should net be used to expand vascular volume when oxygen carrying capacity 1s

adequate.

In chronic anemia, physiologic adaptation may be sufficient to allow time for use of transfusion alternatives.

Red blood cell transfusion should not be dictated by a single hemoglobin trigger, but should be based on complete

evaluation of the patient including volume status, tissue perfusion and comorbid disease.

- Red blood cell transfusion 1s recommended to prevent or alleviate symptoms, signs or morbidity due to
madequate tissue oxygen delivery caused by anemua.

- Red blood cell transfusion 1s rarely ndicated when the hemoglobin concentration 1s =100 g/L and 1s almost
always indicated when it 1s < 60 /L.




9 CONCLUSION
Y

1) Blood transfusion are commonly administered to critically ill
patients.

2) They can be life-saving, but they are also associated with
adverse effects.

3) Reducing the need for blood transfusions and improving the
appropriateness of blood transfusion are important quality-of-
care issues for these patients.

4) A variety of strategies exist to reduce the need for blood
transfusion.

5) The restrictive transfusion practice is the only intervention
evaluated in large clinical trials to reduce transfusion
requirements.

6) Only with knowledge more physicians will be able to adhere

to the dictum “first, do no harm,” and we will have surplus of
blood for transfusion rather than a shortage.



... don’t transfuse unless you must...



APACHE I SCORING SYSTEM'

POINT SCORE

PHYSIOLOGIC
VARIABLE +4 +3 +2 +1 0 +1 +2 +3 +4

[ o]

h

Temperature, =41° 30400 — 38.5-389° 36-384° 34-350° 32-330° 30-310° =200°
core (“C)

Mean arterial =160 130-139 110-129 — 70-109 — 50-69 — =40
pressure
(mm Hg)

Heart rate =180 140-179 110-139 — 70-109 — 35-69 40-54 =390

Respiratory =50 3549 — 25-34 12-24 10-11 69 — =5
rate (non-
ventilated or
ventilated)

Oxygenation: =300 350490 200-349 — <200 — — — —
a)F102=0.5:
use A-aDO,

b)Flop <05 — —_ —_ —_ =70 61-70 — 55-60 <55
use Pao»
(mm Hg)

Arterial pH 277 76-769 — 7.5-7.59 7.33-749 — 725732 715-724 <715

point score ranging from 0 to 71



PHYSIOLOGIC

VARIABLE"

APACHE Il SCORING SYSTEM

POINT SCORE

+4 +3 +2 +1 0 +1

+2 +3 +4

10
11

12

Arterial pH

Semm Na
(mMol/L)

Semm K
(mMol/L)

Semm creati-
nine (mg/dL):
double point
score for
acute renal
failure

Het (%)

WBC
(in 1000s)

Glasgow coma
score (GCS)

=277 76769 — 75750 733-749 —
=180 160-179 155-159 150-154 130-149 —

=7 669 — 5559 35-54 334

=35 234 1519 — 0.6-14 —

=60 — 50599 46490 304509 —
=40 — 20399 15199  3-149 —

725732 715724 <715
120-120 111-119 <110

2529 — <25

=06 — —

20-2090 — <20
1-29 — <1

Score = 15 muinus actual GCS (see TABLE 212-2 on p. 1803)

point score ranging from 0 to 71




Sequential Organ Failure Assessment

Il punteggio SOFA si calcola sommando i punteggi dei sei componenti che quantificano |

x

I'insufficienza funzionale di se1 diversi sistemi.

SOFA Score 1 2 3 4
Respiration

PaDz .-"FiDz <400 300 <200 <100

with respiratory support

Coagulation

Platelets x1 ﬂi."'mﬂlE <150 <100 <50 <20

Liver
Biluubin mg/dl 12-19 2.0-59 6.0-119 =12.0
(Mmol/L) (20-32) (33-101) (102-204) (= 204)

Intensive Care Med. 1996 |



Sequential Organ Failure Assessment

SOFA Score 1 2 3 4
Cardiovascular MAP <70  Dopamumne <5 Dopamine < 5 Dopamine > 15
Hypotension § or Dobutamune any Or epmephrmne = 0.1 Or epmephrine > 0.1

dose Or norepinephrine € 0.1 Or norepmephrine > 0.1

Central Nervous
Svstem 13-14 10-12 6-9 <6

Glasgow Coma Scale

Renal
Creatintne mg/dl 12-19 20-34 3549 >5
(Mmol'L) (110-170) (171-299) (300-440) (=440)

§ adrenergic agents admumstered for at least one hour (doses given are i jg'Kg - mun)

Intensive Care Med. 1996 |




Characteristics of patients 60+ years admitted to the SICU during 2002
(n=401)

Characteristics

(SD)
Age 78.1 +8.8
Gender (female), n (%) 196 (49)
Living alone, n (%) 102 (25.4)
Vision impairment, n (%) 116 (29.0)
Heavy alcohol use, n (%) 20 (5.0)
IADLs lost two wks prior 3.4 +3.0
Barthel Index two wks prior 72.8 +33.0
Barthel Index on adm. 28.8 +35.2
Barthel Index at disch 49.3 +39.4
Main diagnoses, n (%)
Respiratory failure 172 (42.9)
Cardiac disease 111 (27.7)
Stroke 44 (11.0)
Gl bleeding 27 (6.7)
Cancer related problems 23 (5.7)
Acute renal failure 16 (4.0)

Others 8 (1.9)



Characteristics of patients 60+ years admitted to the SICU during 2002

(n=401)

Characteristics

MMSE score (0-30)
Charlson Index (0-33)
APACHE Il score (0-71)
APACHE -APS (0-33)
S-Albumin (g/dl)
S-Cholesterol (mg/dl)
Drugs (n)

Delirium, n (%)

Bladder catheter, n (%)
NIMV n (%)

LOS in SICU (hours)
LOS (days)

Mortality in SICU, n (%)
Mortality (in Hosp), n (%)

M (SD)

19.1 +11.0
6.5+2.0
14.5 +6.0
9.0 +5.7
3.3+0.6

174.2 +49.7
7.6 +3.2
128 (31.2)
228 (56.9)
87 (21.7)

61.8 +62.4
6.0 +4.9
31 (7.7)
50 (12.5)
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