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What iIs the diameter of a typical
capillary in humans?

e 3 microns
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Importance of Oxygen

 Production of ATP

— Tricarboxylic acid cycle

— Electron transport chain
 Production of NADH/NADPH

« Comparison: energy produced by
anaerobic metabolism



Glucose Metabolism
Glycolysis, TCA cycle

Glycolysis
Glucose =——> 2 Pyruvate + 2 ATP + 2 NADH

v

2 Acetyl CoA + 2 CO, + 2 NADH
Tricarboxylic acid
(Krebs) cycle

2 GTP + 4 CO, + 6 NADH + 4 NADH + 2 FADH,



Glucose Metabolism
Electron Transport System

O, + NADH —Electron— 3 ATP + NAD*
transport
O, + FADH, —=system—— 2 ATP + FAD

Glucose = 2 ATP + 2 GTP + 10 NADH + 2 FADH,

Glucose + O, = 38 ATP equivalents
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Mitochondrial Electron Transport Chain
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Glucose Metabolism
Glycolysis, TCA cycle

Glycolysis
Glucose =——> 2 Pyruvate + 2 ATP + 2 NADH

v

2 Acetyl CoA + 2 CO, + 2 NADH
Tricarboxylic acid
(Krebs) cycle

2 GTP + 4 CO, + 6 NADH + 4 NADH + 2 FADH,

Electron transport
system with O,

36 ATP



Importance of Oxygen

 Production of ATP

— Tricarboxylic acid cycle

— Electron transport chain
 Production of NADH/NADPH

« Comparison: energy produced by
anaerobic metabolism



Importance of Oxygen
Aerobic versus anaerobic metabolism

* Aerobic metabolism
— 1 glucose molecule yields 38 ATP
— NADH, FADH are converted to ATP
— Complex enzyme system

—Requires O,
« Anaerobic metabolism

— 1 glucose molecule yields 2 ATP
— NADH must be re-oxidized to NAD
— “Simple” enzyme system

—No O, needed



Hemoglobin-oxygen dissociation curve
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Oxygen Transport

Airways, alveoll
Pulmonary arteries
Pulmonary capillaries
Pulmonary veins

_eft atrium, left ventricle
Systemic arteries
Systemic capillaries
Interstitial fluid

Cells

Mitochondria
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Oxygen Transport

Site po,
Pulmonary arteries 40
Pulmonary capillaries 40 — 100
Pulmonary veins 100
_eft atrium, left ventricle 08
Systemic arteries 08
Systemic capillaries 98 — 40
Interstitial fluid 10
Cells 1

Mitochondria 0.1



Oxygen Content and Po,

O, content = PO, x 0.0031 [cc O,/mmHg] +
(O, sat x Hb [g/dL] x 1.34 [ccO./g Hb])

Site Po, O, sat O, content
Artery 100 100% 19.1 cc O,/dL
Vein 40 70% 13.2 cc O,/dL

O, delivery = CO x (Cao, - Cvo,) = 30dL/m?/min
X 5.8 cc O,/dL =174 cc O,/min/m?

Blood volume =70 cc/kg body weight

Cardiac output (CO) = 44 dL/min/m?



Po, and O, saturation
(Assume Hb =14 mg/dl)

Po, Ossat Oz content O Hb Dissolved O

100 100% 19.1 18.8 0.3
80 93% 17.7 17.5 0.2
60 88% 16.9 16.7 0.2
40 70% 13.3 13.2 0.1
26 50% 9.4 9.3 0.1
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Oxygen Transport
Anemia (Hb = 10)
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Hemoglobin, 2,3-DPG, and Cardiac Index
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Anemia that develops slowly In
otherwise healthy adults

Hemoqglobin
8to 11

7.5
6.0
3.0
<25

/dL

Symptoms

Generally none - pallor,
slight tachycardia
Exertional dyspnea
Some weakness
Dyspnea at rest
Cardiac failure



Response to Acute Hemodilution

Hematocrit (%)

Arterial O, (cc/dL)

O, delivery (cc/kg/min)
Heart Rate (beat/min)
Cardiac Output (L/min)
O, Extraction (%)

Before  After % Change

33 15 -55
14 6.4 -55
19 11 -41

110 141 +28
2.5 3.3 +32
38 60 +57

From Levine, et.al. Transfusion 30:11, 1990
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Management of Anemia

Determine the urgency of the situation

Treat the underlying cause (bleeding,
hemolysis, bone marrow failure)

Transfuse RBCs when there iIs
Insufficient oxygen being delivered to
tissues

Transfuse the smallest amount possible
(that Is, the smallest number of donors)

Minimize risks of transfusion



COMMENTARY

The AABB recommendations for the Choosing Wisely campaign
of the American Board of Internal Medicine

Jeannie L. Callum, Jonathan H. Waters, Beth H. Shaz, Steven R. Sloan, and Michael E Murphy

hoosing Wisely is an initiative of the American

Board of Internal Medicine Foundation

designed to help physicians and patients

engage in conversations to reduce overuse of
tests and procedures and support physician efforts to help
patients make smart and effective care choices. Blood
transfusion is the commonest procedure performed in the
hospitalized patient." Unnecessary use of blood transfu-
sion in the hospitalized patient is common worldwide.
Overuse of blood transfusion has also been listed as a
Choosing Wisely statement by the American Society of
Hematology, the Society of Hospital Medicine, and the
Critical Care Societies Collaborative. To support this AABB
Choosing Wisely initiative, the AABB developed a set of 10
recommendations with input from AABB committees and

1. Don’t transfuse more units of blood than
absolutely necessary

A restrictive threshold (7.0-8.0g/dL) should be used for the
vast majority of hospitalized, stable patients without evi-
dence of inadequate tissue oxygenation (evidence supports
a threshold of 8.0g/dL in patients with existing cardiovas-
cular disease). Transfusion decisions should be influenced
by symptoms and hemoglobin (Hb) concentration. Single-
unit red blood cell (RBC) transfusions should be the stan-
dard for nonbleeding hospitalized patients. Additional
units should only be prescribed after reassessment of the
patient and their Hb value.

A total of 13.8 million units of whole blood and RBCs
were transfused in the United States in 2011 equating to 44
units per 1000 population,” which is considerably higher




The most important
technologies for
management of

anemia




Define Types of Hemorrhage

* Major
— Fatal (CTCAE grade 5, WHO grade 4)
— Life-threatening (CTCAE grade 4)

— Requiring transfusion or other urgent
intervention (CTCAE grade 3, WHO grade 3)

* Minor — clinically significant but not urgent
(CTCAE grade 2, WHO grade 2)

* Trivial — petechiae, transient nose-bleed,
microscopic hematuria, scleral hemorrhage







Causes of treatment faillure for

children with cancer In selected
middle-income countries

100 EOMD Survival cliryg

Abandonment = 16%

Toxic death = 16%

Abandoned + Refused Re — 2 1 i 5% M
2nd Cancer
Death

Relapse

201 Resistant disease

Progressive disease

1 2 3 4 =
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Translation Localization Globalization

Search

WHO bleeding scale
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gual Archive Index » WHO bleeding scale

Choose your language:
Frangais | Espafiol | Italiano | Portugués Nederlands | Svenska | EAAnvika | Pycckwii | BH5H | B8

Memphis Coupons 1 ridiculously huge coupon a day. It's like doing Memphis at 90% off! vww.Groupon.c
Top Hemorrhoid Treatments Discover the Top proven Treatments to get rid of hemorrhoids fast.
Bleeding Symptoms Find more sources/options for Bleeding Symptoms vww.webcravder.com

Emergency Bandage Trauma Wound Compression Dressing vww.ps-med.com

Why this ad

WHO bleeding scale

Waorld Health Organization, or WHO, made a standardized grading scale to measure the severity of bleeding.

Grade 0|no bleeding

Grade 1|petechial bleeding;

Grade 2 mild blood loss (clinically significant);

Grade 3| gross blood loss, requires transfusion (severe);

Grade 4 |debilitating blood loss, retinal or cerebral associated with fatality

References

s Webert KE, Cook R], Sigouin 5, et al. The risk of bleeding in thrombocytopenic patients with acute myeloid leukemia.
haematologica 2006;91:1530-1537

http://www.worldlingo.com/ma/enwiki/en/WHO _bleeding_scale




Common Terminology Criteria for
Adverse Events (CTCAE)

Version 4.02

U.S.DEPARTMENT OF HEALTH AND HUMAN SERVICES
National Institutes of Health

National Cancer Institute

Gastrointestinal disorders

Grade

Adverse Event

1

2

3

4

5

Definition: A disorder characterized by inflammation of the colon.

Asymptomatic; clinical or
diagnostic observations only;
intervention not indicated

Abdominal pain; mucus or blood
in stool

Severe abdominal pain; change
in bowel habits; medical
intervention indicated;
pertoneal signs

Life-threatening consequences,
urgent internvention indicated

Death

Colonic fistula

Asymptomatic; clinical or
diagnostic observations only;
intervention not indicated

Symptomatic; altered Gl
function

Severely altered Gl function;
bowel rest, TPN or
hospitalization indicated;
elective operative intervention
indicated

Definition: A disorder characterized by an abnomal communication between the lange intestine and another organ or anatomic site.

Life-threatening consequences,
urgent internvention indicated

Death

Colonic hemarrhage

Mild; intervention not indicated

Definition: A disorder characterized by bleeding from the colon.

Moderate symptoms; medical
intervention ar minor
cautenization indicated

Transfusion, radiologic,
endoscopic, or elective
operative intervention indicated

Life-threatening conseguences;
urgent intenvention indicated

Death




Blood Transfusion and Survival
Malaria as an example

Lackritz, et al. The Lancet, 340: 524-8, 1992.
Siaya District Hospital (Rural Western Kenya)
October 1989 to October 1990

2433 admissions for severe malaria

29% Hb<5.0

20% recelved transfusions



Malaria — Hb>3.9 best to NOT transfuse
Day 0
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Day 0 Day 1 Day 2+
1 0 | Transfused on day of admission 1.0 Transfused on day after admission  {, |Transfused >2 days after admission
vs not transfused vs not transfused but survived to {1 vsnot transfused but survived
] : the day after admission ] > 2 days after admission
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Haemoglobin Haemoglobin Haemoglobin
Muitivariate model (n = 343): Multivariate model (n = 332): Muitivariate model (n = 293):
OR 95% Ci OR 95% Cl OR 95% CI
Transfusion 0-0008 0-0007, 0-0908 Transfusion 002 00016,0-3095 Parasite density ‘,O-ﬂ 0-79, 0-99
Hb (g/d!) 0-40 0-29, 0-54 Hb (g/d!) 055 037,082 Age (months) 090 081,100
Transfusion*HB 355 171,738 Transfusion'HB 267 1:26, 567
Malaria parasitaemia 0-48 0-26, 0-91 Parasite density 083 077,091
Parasite density 0-89 0-83, 095
Age (months) 0-93 0-88, 098
Odds ratio of transfused vs not transfused  Odds ratio of transfused vs not transfused
(using a dichotomous Hb variable (using a dichotomous Hb variable
and adjusting for the above variables) and adjusting for the above variables)

For Hb <3-9 g/d!: ] For Hb >3-9 g/dl: For Hb <39 g/dI: { For Hb > 39 g/di:
n=194 n= 149 n=182 n=150

OR=0-30 OR=188 OR=0-37 OR=170

95% Cl=0-14, 0-61 95% Cl=0-14, 1-00 95% Cl=0-47,6-19

95% Cl =051, 684



Children with signs
of respiratory distress
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Haemoglobin
Multivariate model (n = 220):
OR 95% ClI
Transfusion 0-0063 0-0004, 0-0900
Hb (g/dl) 033 0-19, 0-57
Transfusion Hb 2:92 1-34, 6:39
Parasite density 0-87 0-78, 0-96
Age (months) 093 0-87, 1-00

Odds ratio of transfused vs not transfused
(using a dichotomous Hb variable
and adjusting for the above variables)
ForHb <4:7 g/dl:n=0-19;95% CI =009, 0-41

Children without signs
of respiratory distress

Probability of mortality
e e i
£ (=] o

ot
N

Multivariate model (n = 69):
No significant variables

Fig 3—Probability of childhood mortality according to
presence of respiratory distress.

Transfusion was associated with decreased probability of mortality
only among children with evidence of respiratory distress. Children
without clinical evidence of distress were at decreased risk for
mortality, among those who were both transfused and not transfused
(dashed line), irrespective of admission Hb. Solid line, children
transfused; dotted line, children not transfused.
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REVIEW

Ann R Coll Surg Engl 2015; 97: bh6-562
ADVANCING SURGICAL STANDARDS doi 10.1308/rcsann.2015.0047

An evidence-based approach to red blood cell
transfusions in asymptomatically anaemic patients

AW Chan, CJ de Gara

Universilty ol Albertla, Canada

ABSTRACT

INTRODUCTION  Surgeons and physicians encounter blood transfusions on a daily basis but a robust evidence-based strategy on
indications and timing of transfusion in asymptomatic anaemic patients is yet to be determined. For judicious use of blood
products, the risks inherent to packed red blood cells, the patient’'s co-morbidities and haemoglobin (Hb)haematocrit levels
should be considered. This review critiques and summarises the latest available evidence on the indications for transfusions in
healthy and cardiac disease patients as well as the timing of transfusions relative to surgery.

METHODS An electronic literature search of the MEDLINE®, Google Scholar™ and Trip databases was conducted for articles
published in English between January 2006 and January 2015. Studies discussing timing and indications of transfusion in
medical and surgical patients were retrieved. Bibliographies of studies were checked for other pertinent articles that were
missed by the initial search.

FINDINGS Six level 1 studies (randomised controlled trials or systematic reviews) and six professional society guidelines were
included in this review. In healthy patients without cardiac disease, a restrictive transfusion trigger of Hb 70-80g/I is safe and
appropriate whereas in cardiac patients, the trigger is Hb 80-100g/I. The literature on timing of transfusions relative to surgery
is limited. For the studies available, preoperative transfusions were associated with a decreased incidence of subsequent trans-
fusions and timing of transfusions did not affect the rates of colorectal cancer recurrence.




Study design Results / transfusion trigeer

2 of Physicians Systematic literature review Hb 70-B0g/l: Transfuse in hospitalised patients
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Patients: ACS or unstable angina MI ar unscheduled revase ularisation within 30 days
Liberal arm (Hb <100g/1) vs of randomisation (10.9% vs 25.9%, p=0.054 without
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American Association of Blood Systematic review of 19 RCTs Hb 70-80g/l: Trarsfuse in haspitalised stable
Banks, 2012° {using evidence from Cochrane patients without CAD. High quality evidence, strong
review in 201 2) recommendation.

Hb <B0g/l: Transfuse in hospitalised hasmaodynami-
cally stable patients with pre-existing cardiac disease

B

ar symplomatic patients. Moderate quality evidenca,
weak recommendation.
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3.4 percentage points), death at 60 days (5.6% vs
7.6%, ARR: -1.0 percentage points, 99% Cl: -1.9
Restrictive arm (Hb <BO2T) w lib 4.0 percentage points), in-hospital morbidity (4.2%
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Society of Thoracic Surgeons,
2011°

Transfusion Requirements after
Cardiac Surgery trial, 2010'°

Guidelines and Audit Implemen-
tation Network, 2009

European Society of Cardiology,
200712

American So(_:_iety of Anesthesiol-
ogists, 2006

Combination of literature review,
grading of recommendations
based on American Heart
Association / American College of
Cardiology system

Single centre RCT (n=50)
Patients: elective cardiac surgery

Liberal arm (Hct <30%) vs
restrictive arm (Hb =24%)

Combination of literature review
and expert panel discussion

Combination of literature review,
expert opinion, panel discussion
and open forums

Combination of literature review,

expert opinion, panel discussion
and open forums

Hb <70g/l: Transfusion reasonable

Hb 70-100g/: In CPB patients with critical non-car-
diac end organ ischaemia, transfusion not unreason-
able. Needs more evidence.

Hb >100g/l: Do not transfuse unless critical
non-cardiac end organ ischaemia

Hect =24%: No difference in composite endpoint of
30-day all-cause mortality and severe morbidity (car-
diogenic shock, acute respiratory distress syndrome,
or acute renal injury requiring dialysis or haemofiltra-
tion) during hospitalisation. Occurrence of endpaoint
was 10% for liberal arm and 11% for restrictive arm
(p=0.85).

Hb <70g/l: For stable patients <65 years with no car-
diovascular or cerebrovascular problems

Hb <80g/l: For stable patients »65 years with no car-
diovascular or cerebrovascular problems

Hb <90g/l: For patients with cardiovascular or cere-
brovascular history (previous MI, angina, hyperten-
sion, heart failure, peripheral vascular disease)

Hb <100g/l: For symptomatic patients with anaemia
(dyspnoea, angina, palpitations, tachycardia, ortho-
static hypotension, syncope) or when active bleeding
suspected

Hb <80g/l or Hct <25%: Transfuse in CAD patients

Hb <60g/l: Transfuse

Hb 60-100g/: Depends on organ ischaemia, poten-
tial or actual ongoing bleeding, patient intravascular
status and risk factors for inadequate oxygenation

Hb >100g/l: Do not transfuse

ACS = acute coronary syndrome; ARR = absolute risk reduction; CAD = coronary artery disease; Cl = confidence interval; CPB = cardiopulmo
nary bypass; Hb =haemaoglobin; Hct = haematocrit; HR = hazard ratio; Ml = myocardial infarction; RCT = randomised controlled trial;
RR = relative risk; VTE = venous thromboembolism




Anaemia

(Hb <100g/1)
I
Symptomatic?* Asymptomatic?
|
Identify source of
active bleeding. Coronary artery MNo coronary artery
Transfuse to target disease disease
Hb =100g/ if
ongoing ischaemia.
|
Hb <80g/l or Hb =80g/1 g
Hct <24-25% Hct >24-25 Hb <70g/l Hb =70g/l
Transfuse back to ‘ Transfuse to
Hb >100g/1? Do not transfuse

target Hb 70-

(evidence weak) 80g/1

Do not transfuse

*Tachycardia, orthostatic hypotension, chest pain, dyspnoea

Figure 1

Decision algorithm flowchart for transfusion



Transfusion Requirements for Patients
Recelving Critical Care (TRICC Study)

* Hebert, P., et.al. NEJM 340: 409-17, 1999
(Canadian Critical Care Trials Group).

« 838 ICU patients with Hb < 9.0 within 48
hours after ICU admission.

 Randomized to transfusion to maintain:
« Hemoglobin 7 to 9 g/dL (Restrictive) vs
 Hemoglobin 10to 12 g/dL (Liberal)



100, TRICC Study - Survival
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Survival (%)

TRICC Study - Subgroup Survival

Patients with APACHE Il Score <20

Restrictiv
transfusit
strateg)

Liberal-
transfusion
strategy

Survival (%)

Patients Younger than 55 Years

1004

Restrictive-
transfusion
strategy

Liberal-
transfusion
strategy




FEP;EEWSI Supportive medical care for
children with acute
lymphoblastic leukemia in
low- and middle-income
countries

Expert Rev. Hematol. Early online, 1-14 (2015)

Francesco Ceppﬂ, In the last two decades, remarkable progress in the treatment of children with acute
Federico Antillonz, lymphoblastic leukemia has been achieved in many low- and middle-income countries (LMIC),
but survival rates remain significantly lower than those in high-income countries. Inadequate
Courtney E Sullivan® supportive care and conlsequent excess mortality froml toxicity arelimportant c.lauseslof

: a5 | treatment failure for children with acute lymphoblastic leukemia in LMIC. This article
Catherine G LarQ o summarizes practical supportive care recommendations for healthcare providers practicing in
Scott C Howard” and LMIC, starting with core approaches in oncology nursing care, management of tumor lysis
Valentino Conter**’ syndrome and mediastinal masses, nutritional support, use of blood products for anemia and
'Division of Hematology/Oncology, The ~ thrombocytopenia, and palliative care. Prevention and treatment of infectious diseases are

Hospital for Sick Children and University  described in a parallel paper.
of Toronto, Toronto, Ontario, Canada
2National Pediatric Oncology Unit, and
Francisco Marroquin Medical School,
Guatemala City, Guatemala
Department of Pediatric Oncology,
Manuel de Jesus Rivera Hospital,

Carlos Pachec03,

Keyworps: acute lymphoblastic leukemia « chemotherapy « low-income country « middle-income country » oncology
nursing « pediatrics # supportive care

The past four decades have seen stenificant associated  with  inadeauate  supportive care.



Red blood cell transfusion algorithm for LMIC

Clinical
situation

Anemia
symptoms

Risk that
anemia will
prove fatal

Transfuse?

Active bleedingt!

Yes

/ No active bleeding

T,

Hemoglobin <6 g/dl
(hematocrit <18%)

Hemoglobin 6-10 g/dl
(hematocrit 18-30%)

Hemoglobin >10 g/di
(hematocrit >30%)

l

l

Symptoms present? (headache, shortness
of breath, dyspnea on exertion, malaise,
irritability, or lassitude)

Yes No

Yes No

l

Medical risks — Hemodynamic instability
or having a serious infection

Logistical risks — Patient lives far from the
hospital, hemoglobin level likely to fall
below 6 g/dl (hematocrit <18%)

Yes

No

Yes Yes




Buses Cruzando
El Rio Coco En
La Rampla de
Telpaneca Madriz



Primero una panga parte de Waspan a San
Juan de La Bodega sobre el Rio Coco

TR I




Red blood cell transfusion algorithm for LMIC

Clinical
situation

Anemia
symptoms

Risk that
anemia will
prove fatal

Transfuse?

Active bleedingt!

Yes

/ No active bleeding

T,

Hemoglobin <6 g/dl
(hematocrit <18%)

Hemoglobin 6-10 g/dl
(hematocrit 18-30%)

Hemoglobin >10 g/di
(hematocrit >30%)

l

l

Symptoms present? (headache, shortness
of breath, dyspnea on exertion, malaise,
irritability, or lassitude)

Yes No

Yes No

|9

l

ogistical risks — Patient lives far from the
hospital, hemoglobin level likely to fall
below 6 g/dl (hematocrit <18%)




Red blood cell transfusion

* Role of red blood cells (RBCs)
Physiology of anemia

 Management of anemia
— RBC loss — bleeding, hemolysis
— Decreased RBC production

Risks of transfusion (future)
Recommendations



Infectious
Hepatitis A
Hepatitis B
Hepatitis C
Hepatitis G

WNV
TT Virus
HIV I/II
HTLV /11
EBV
CMV
GBV
HHV-6
HHV-8
Parvovirus B19
Dengue
LCMV

Colorado Tick Fever
Tick Borne Encephalitis Virus

Syphilis

Other Bacteria (septic transfusion)

Malaria

Hazards of transfusion

Immunoloqic

Acute Hemolysis, Intravascular Biological Response Modifier Infusion

Acute Hemolysis, Extravascular
Delayed Hemolysis, Intravascular
Delayed Hemolysis, Extravascular
Serologic Reaction
Febrile Non-Hemolytic
TRALI
Alloimmunization
Passive Antibody Transfer
Allergy
Anaphylaxis
Post-transfusion purpura
Immunomodulation
Graft-versus host disease

Process/Other

Trypanosoma cruzii
Babesiosis
Toxoplasmosis
Leishmania
Wucheria Bancrofti
Creutzfeld-Jakob Disease
XMRV

Air embolus

Hyperkalemia

Hypokalemia
Acidosis/Alkalosis

Citrate Toxicity (hypocalcemia)

Volume Overload
Hypothermia
Mechanical RBC lysis
Thermal RBC lysis
Iron overload
Plasticizer toxicity
02 steal
Psychological hazards



Red blood cell transfusion

* Role of red blood cells (RBCs)
Physiology of anemia

Management of anemia

— RBC loss — bleeding, hemolysis
— Decreased RBC production
Risks of transfusion

Recommendations



Conclusions

Anemia is not important

Lack of oxygen delivery to tissues Is
extremely important (38 ATP) and should
guide transfusion decisions

Benefits of increased Hb to carry oxygen to
the mitochondria must be balanced against
risk of transfusion

It iIs RARE to need Hb > 7 g/dL

The patient’s social situation should be
considered when providing prophylactic
RBC transfusions



