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A systematic analysis of global anemia burden from 1990 to 2010
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Global, regional, and national incidence, prevalence, and
years lived with disability for 310 diseases and injuries,
1990-2015: a systematic analysis for the Global Burden of
Disease Study 2015

GBD 2015 Disease and Injury Incidence and Prevalence Collaborators* W.thElEln cet.com Uﬂl 33 E Octo hEI" B, Iﬂ'lﬁ

A The impairment that affected the greatest number of people in
2015 wasanaemia, with 2.36 billion (2.3&2.37 billion)
Individuals affected

A The prevalence afon-deficiency anaemialone wasl.46
billion (1.45-1.46 billion).




Systematic review

Meta-analysis of the association between preoperative

anaemia and mortality after surgery

AdbndQnndg LI GASYdGa 2F Hn &
A 39% of patients were anemic (WHO definition)

A Anemia was associated with

A\ Perioperative mortality: - OR 2.90 (2.3 3.68, p< 0.001)
Acute kidney injury, - OR 3.75 (2.96 4.76, p< 0.001)
Infectionsc - OR 1.93 (1.06 1.55, p< 0.01)

Stroke in cardiac surgery- OR 1.28 (1.17 3.18, p< 0.01)
RBC transfusion - OR 5.04 (4.12 6.17, p< 0.001)
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Preoperative anaemia and postoperative outcomes in (ALY
non-cardiac surgery: a retrospective cohort study

THE LANCET

Khaled M Musallam, Hani M Tamim, Toby Richards, Donat R Spahn, Frits R Rosendaal, Aida Habbal. Mohammad Khreiss, Fadi 5 Dahdaleh,
Kaivan Khavandi, Pierre M Sfeir, Assaad Soweid, |amal | Hoballah, AliT Taher, Faek R Jamali
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30 day mortality
30 day composite morbidities (9 defined areas)

Multivariate regression analysis
(9 defined subgroups)
(56 confounders)



Preoperative anaemia and postoperative outcomes in
non-cardiac surgery: a retrospective cohort study

Khaled M Musallam, Hani M Tamim, Toby Richards, Donat R Spahn, Frits R Rosendaal, Aida Habbal, Mohammad Khreiss, Fadi S Dahdaleh,
Kaivan Khavandi, Pierre M Sfeir, Assaad Soweid, JamalJ Hoballah, Ali T Taher, Faek R Jamali

A Preoperative anemia: 30.4%

A Mild anemiase OR mortalityc : 1.4 (1.3¢ 1.5)
A Mild anemiage OR morbidity; : 1.3 (1.3 1.4)
A RBC trans. s OR mortalityc : 2.0 (1.8 2.2)
A RBC trans. s OR morbidity; : 1.8 (1.7¢ 1.9)

Musallam K.M., et alRreoperativeanaemiaand postoperativeoutcomesin non-cardiac surgery. aretrospective
cohort study. Lancet, 2011.



Effect ofAnemiaon
Mortality and Composite Morbidity

12.0 - 34.0 -
11.0 3209
o 30.0 -
e
10.0 8/ 28.0 -
9.0 2 260 1
/(-D\ © 24.0 4
X 80 =
S e 22.0 -
> 7.0 O 200
= 6o | 1 E 180 -
8 /] Q 160 -
[ - e
o 5.0 (7) 14.0
= 40 8_ 12.0 1
10.0
3.0 =
O 80| o
2.0 O 60
0
4.0 -
1.0
2.0 A
0.0 T T T T T T T T T T T T T T T T T T 1 0.0
S A o t o
PRI TR A DDA AP A DA S SRR AT IR R AN R I R AR IR 0
,\'\r b’\r (,'\' D’h\' Q"\' ,\:\' \"\v G’\f q'\' tb\- ,\'\' a3 6,’» bl’\’ q,'V "lv'» Q\' 7 )\-» N (-,» n 6,\' "\.» n; Q\' q:\, %-s, 1\\' Q;» 6;\' bl.» Y o Q\' f?
R BB g v VAT A A e s BT T A A AP AN S A A A A
Preoperative hematocrit (%) Preoperative hematocrit (%)

Musallam K.M., et al.Preoperativeanaemiaand postoperativeoutcomesn noncardiacsurgery aretrospectivecohort
study Lancet, 2011



Targeted anemia surveillance and intervention should be a
greater priority 1n high-risk populations, especially young children
and females.* Despite causing so much disability, anemia does not
recerve 1ts requisite attention in many public health spheres. Such
Inattention may be partly because anemia 1s thought of as a by-product
of other disease processes rather than as a target for intervention
in and of itself. It 1s somewhat 1ronic, then, that etiology-specific

KassebaunNJ et al. Blood, 2014:123: 628
Axel Hofmann Beijing 12016



PBM has the potential to address several health care related
challenges that are specifto SouthAfrica:

A First the population of South Africa totals 57.8 millior2idiL8
and includes an estimated

A 17.8 million sufferindrom anaemia,
A predominantlyin neonates and children,
A womenin the reproductiveage and the elderly

A alsoahigh prevalencef HIVirelated anaemia, anaemia of
inflammation, malarial anaemia arehaemia fromntestinal
parasite infestations.

A Inhospitalized patients, the prevalence of anaernsi@ven
higher than in the general population and it is an independer
predictor foradverse

A outcomesincluding morbidity and mortality



Preoperative anaemia and clinical outcomes in the
South African Surgical Outcomes Study
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? Department of Surgery, School of Clinical Medicine, College of Health Sciences, Nelson R Mandela School of Medicine, University of KwaZulu-
Natal, Durban, South Africa



Background. In high-income countries, preoperative anaemia has been associated with poor postoperative outcomes. To date, no large
study has investigated this association in South Africa (SA). The demographics of SA surgical patients differ from those of surgical patients
in the European and Northern American settings from which the preoperative anaemia data were derived. These associations between
preoperative anaemia and postoperative outcomes are therefore not necessarily transferable to SA surgical patients.

Objectives. The primary objective was to determine the association between preoperative anaemia and in-hospital mortality in SA adult
non-cardiac, non-obstetric patients. The secondary objectives were to describe the association between preoperative anaemia and (7) critical
care admission and (i) length of hospital stay, and the prevalence of preoperative anaemia in adult SA surgical patients.

Methods. We performed a secondary analysis of the South African Surgical Outcomes Study (SASOS), a large prospective observational
study of patients undergoing inpatient non-cardiac, non-obstetric surgery at 50 hospitals across SA over a 1-week period. To determine
whether preoperative anaemia is independently associated with mortality or admission to critical care following surgery, we conducted a
multivariate logistic regression analysis that included all the independent predictors of mortality and admission to critical care identified
in the original SASOS model.

Results. The prevalence of preoperative anaemia was 1 727/3 610 (47.8%). Preoperative anaemia was independently associated with
in-hospital mortality (odds ratio (OR) 1.657, 95% confidence interval (CI) 1.055 - 2.602; p=0.028) and admission to critical care (OR 1.487,
95% CI 1.081 - 2.046; p=0.015).

Conclusions. Almost 50% of patients undergoing surgery at government-funded hospitals in SA had preoperative anaemia, which was
independently associated with postoperative mortality and critical care admission. These numbers indicate a significant perioperative risk,
with a clear need for quality improvement programmes that may improve surgical outcomes. Long waiting lists for elective surgery allow
time for assessment and correction of anaemia preoperatively. With a high proportion of patients presenting for urgent or emergency
surgery, perioperative clinicians in all specialties should educate themselves in the principles of patient blood management.

S Afr Med ] 2018;108(10):839-846. DOI:10.7196/SAM].2018.v108i10.13148



ORIGINAL RESEARCH

The iron status of South African blood donors: balancing donor
safety and blood demand

Karin van den Berg," Ronel Swanevelder,” Charlotte Ingram,” Denise Lawrie,” Deborah Kim Glencross,”

Caroline Hilton,” and Martin Nieuwoud!””



BACKGROUMNMD: Several studies in developed
countries have demonstrated high levels of iron
deficiency (1ID) among blood donors. There is a paucity
of data for developing countries where blood shortages
remain a major Concermn.

STUuDY DESIGH AMD METHODS: A total of 4412
donors weare enralled in the study . Specimens wea e
collected for full blood count, iron, transferrin saturation,
and ferrtin assessment. Donor demographics were
recorded. ID was indicated by a fermritin level of less thamn
20 ng/mL for men and less tham 12 ng/mLA for women.
Anemia was defined as hemoglobin levels less than
12.5 gfdL. Regression models for predictors of 1D weare
dewveloped.

RESULTS: A total of 1 7.5% of all donors had 1D, with
16.3%: praevalence in women and 18.6%: in memn. Low
hemoglobin had the highest association with 1D (adjusted
odds ratio [A0R], 11.078; 95%: confidence interval [,
T.915-15.905); male donors had twice the odds of ID
compared to female donors (AOR, 2.501; 95%: I,
1.264—3.185), while increasing age was associated with
lower odds (AOD, 0.965; 95%: Cl, 0.956—0.975). Among
male donors, an interdonation interval of less

thamn 3 months (AOR, 2.679; 95%: Cl, 1.929-3.720) was
associated with ID. Compared to other females
combined, colored female donors (AOR, 2.335; 95%c I,
1.310—4.160) had higher odds and black female donors
(AOR, 0.559; 95%: Cl, 0.369—0.845) lower odds of 1ID.
CONCLUSIOMN: ID is common among South African
donors; low hemoglobin, gender, ethnicity, and past
donation history is independe ntly associated with

ID. Recommendations aimed at protecting donor health
may increase blood shortages in South Africa.
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Figure 2: Usage of hospital wards by age
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Blood demand

Table 1: RBC demand in 2017 under each scenario

Scenario 2017 RBC demand per 1K
Current 765,824 15.06
Actual need 1,824,756 35.87
Medium scenario 1,776,307 34.92
Best case 1,295,617 25.47




there is also an overall economic argument for the implementatic

A
A

A

To T

of PBM:

Unmanaged or poorly managed anaemia impairs the cognitive
development of children and

adolescents, reduces the ability to concentrate and diminishes work
productivity with lossesn somecountries of up to 9% of the gross
domestic product

Programgromoting oraliron therapymay be effective in specific
subpopulations, but in patients with profounidn deficiencyand iron
deficiency anaemia, who require therapy for immediate correction, ar

appropriate dose of intravenous iron is the best option, while
treatment of theunderlying caus@roduces a cure

Improvementdn patient outcomes with the concomitant savings as

seen in previous studies, could lead to a significant decrease in press
on bedoccupation andxa healthcare budget under extreme pressure.
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Major blood loss associated with increased
A Mortality (3 -fold)

AMajor morbidity (3 -fold)

AICU and hospital length of stay

A Likelihood of transfusion

Causes
AOn average 75890% local surgical interruption or vessel interruption
A 1085% acquired or congenital coagulopathy

Shander A. Surgery 2007

RanucciM et al. Ann Thorac Surg2013; 96:478
Vivacquaet al Ann Thorac Surg2011
Christensen et al J Thorac CardiovascSurg2009
Spence et al Am J Surg 1990

Stokes, M.E., et al BMC Health Serv Res 2011
Ye, X., etal BMC Health ServRes 2013
Alstrom, U., etal Br J Anaesth, 2012
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Fig. 4 Trend in iMMR per wunderlying cause: 2011 - 2016.
(iMMR = institutional maternal mortality rate; HT = complication of
hypertension in pregnancy; OH = obstetric haemorrhage; EC = eclopic
pregnancies; Miscar. = miscarriage; PRS = pregnancy-related sepsis;
AR = anaesthetic-related deaths; Emb. = embolism; AC = acute collapse,
cause unknown; NPRI = non-pregnancy related infections; Me&*S = pre-
existing medical and surgical conditions, Unk. = unknown.)



Infectious Agents in the Blood Supply

HIV, HCV, HBV

ONew infectious agents

OPrions (vCJD) o i

C OHBYV variants (vl

ODengue (DENV) OHEV (vl) w

B_besseies § (?Herpes viruses (other than CMV, EBV, HHV-8) (t)

However, pathogens in the blood pool ar
just the tip of the iceberg when looking a
the problem of adverse transfusion

outcomesX

Hantavirus New World
OHantavirus Old World (t)

Oand what is next ?

Stramer, SL et al. Emerging infectious disease agents and their potential threat to transfusion safety. Transfusion, 2009. 49
Suppl 2: p. 15-295
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Blumberg, NandJ.M.Heal Immunomodulationby bloodtransfusion anevolvingscientificand clinicalchallenge
Am JMed, 1996. 101(3): p. 29308.

Ann Thorac Surg 2001;72:5S1832-7

Blood Transfusion: The Silent Epidemic

Bruce D. Spiess, MD

Department of Anesthesiology, Virginia Commonwealth University/Medical College of Virginia, Richmond, Virginia




The Multi-Billion Dollar Question:

O0f al1l50 million allogeneig bl

Does transfusion do what it is intended todamprove
outcome or prevent adverse outcomes?

There are few If any articles that support transfusion
actually improving patient outcomes.

The majority of database papers show associations
between transfusion utilization and with
Immunosuppression, increased infection, increased
renal failure, multisystem organ failure, and death.

SpiessB.D., Risks of transfusion: outcome focus. Transfusion, 2004. 34gpR p. 4S14S. 26
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Transfusion and Apheresis Science 43 (2010) 69-78

Contents lists available at ScienceDirect

Transfusion and Apheresis Science

journal homepage: www.elsevier.com/locate/transci
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Perfusion vs. oxygen delivery in transfusion with “fresh” and “old”

red blood cells: The experimental evidence

Amy G. Tsai?, Axel HofmannP®, Pedro Cabrales? Marcos Intaglietta **

2 Department of Bioengineering, University of California, San Diego, CA, United States
bSociety for the Advancement of Blood Management, Milwaukee, WI, United States

Impairment of oxygen transport of stored RBCs was first
reported when measurement of the corresponding oxygen
dissociation curves showed an immediate and significant
increase in the oxygen affinity during the initial week of
storage at 4 °C. This resulted in a decrease of oxygen deliv-
ery during transfusion of stored RBCs by comparison to
normal RBCs, the difference being proportional to the vol-
ume transfused and storage time [16].



Posttransfusion Increase of Hematocrit per se Does
Not Improve Circulatory Oxygen Delivery due to
Increased Blood Viscosity

Robert Zimmerman, MS,* Amy G. Tsai, PhD,T Beatriz Y. Salazar Vazquez, MD, PhD,T#+§

Pedro Cabrales, PhD,T Axel Hofmann, ME, PhD, || Jens Meier, MD, PhD,# Aryeh Shander, MD,**
Donat R. Spahn, MD,q Joel M. Friedman, MD, PhD,t1 Daniel M. Tartakovsky, PhD,*

and Marcos Intaglietta, PhDt
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RESULTS: Blood transfusion of up to 3 units of PRBCs increased DO, when Hct (or hemoglobin)
was 60% lower than normal, but did not increase DO, when administered before this threshold.

Zimmerman et alAnesthAnalg2017.



Studies reporting a dose-response increase in adverse outcomes associated with red blood cell
transfusion

Author/Year

Population

Sample
size

Dose-response increased adverse
outcome

' Shaw 2014% Cardiac surgery 3’516 | Mortality

Horvarth 2013%° Cardiac surgery 5’158 | Infection

Mikkola 2012 Cardiac surgery 2’226 | Stroke

Stone 2012% Cardiac surgery 1’491 | Mortality

Van Straten 2010%° Cardiac surgery 10°425 | Mortality

Hajjar 2010** Cardiac surgery 512 | Morbidity & mortality

Karkouti 2009 Cardiac surgery 3’460 | Acute kidney injury

Scott 2008°° Cardiac surgery 1’746 | Postoperative LOS

Murphy 2007%’ Cardiac surgery 8’500 | Infection & ischemic events

Kulier 2007%* Cardiac surgery 5’065 | Cardiac and non-cardiac adverse events

Banbury 2006”° Cardiac surgery 15’592 | Septicemia, bacteremia, superficial &
deep sternal wound infection

Koch 2006*° Cardiac surgery 11’963 | In-hospital mortality, renal failure,
postoperative ventilatory support,
postoperative infection, cardiac and
neurologic morbidity, overall
postoperative morbidity

Koch 20063 Cardiac surgery 10’289 | Long-term (10-years) survival

Koch 20062 Cardiac surgery 7’321 | Functional recovery

Rogers 2006** Cardiac surgery 9’218 | Infection

Chelemer 2002** Cardiac surgery 533 | Bacterial infection

Leal-Noval 2001* Cardiac surgery 738 | Infection, pneumonia

Adapted from Farmer SL, Hofmann A, Isbister J. Transfusion and Outcomes.
Patient Blood Management 2@ Edition Thieme; Stuttgart, New York: 2015

Hofmann Zurich 2017-06-12



Meta-Analyses comparing Liberal vs. Restrictive

Transfusion Strategies

Carson 2012 19 6264 -39% -23% -19%
Rohde 2014 18 7593 n.a. n.a. -12%/-18%
Salpeter 2014 3 2364 "-43% -26% -14%
Holst 2015 31 9813 -447% n.s. -27%
Carson 2016 31 12587 -43% n.s. n.s.

*Transfusion rate
# 30-day mortality

Carson J.L. et al. Cochrane Database of Systematic Reviews, 2012
Rohde J.M. et al. JAMA, 2014. 311(13): p. 1317-26

Salpeter SRetal. AmJ Med. 2014;127(2):124-31.e3.

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

Carson JL et al. Cochrane Database of Systematic Reviews, 2016



The Rationale behind PBM:
Defeating the Triad
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Farmer SL., Towler SC, Leahy MF, Hofmann APBetResClinAnaesthesiql2013. 27(1): p. 488.



MODIFY] RISK FACTORS
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Perioperative multidisciplinary multimodal patient-specific team approach

Hofmann et alCurrent Opinions in Anaesthesiology 2012



PBM DEFINITION

Patient Blood Management (PBM) is an
evidencebased bundle of care to
optimize patient outcomes
by managing and preserving a patient's
blood

International Foundation for
Patient Blood Management



Anaeniia .nd Bleeding
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Management

. 2

of Patient Blood
CYF Yyl 3Ay 3 avbBlood
to save lives and improve overal
outcomes

~—

with Donor Blood
= saving lives by correctitp-values
with transfusion

Current Opinion in Anaesthesiology 2008, 21.657-663

EDITORIAL COMMENT

Our own blood is still the best thing to have in our veins
Tim Frenzel, Hugo Van Aken and Martin Westphal
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ORIGINAL RESEARCH

Implementation of a patient blood management monitoring
and feedback program significantly reduces transfusions
and costs
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Mehraet al. Transfusion 2015



PBM Monitoring and Feedback Program at USZ
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A Recording of each transfusion and
A Recipient
A Site of transfusion
A Physician responsible for the transfusion with his/her
departmental affiliation
A LastHb, PT, FV and platelet count prior to transfusion
A Quarterly benchmark reports sent to department heads on
guideline conformity
A Thresholds transgressed >1@Yomeeting with DH for
specific explanation case by case

Mehraet al. Transfusion 2015
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Total Blood Products27%

RBCs24%

PLTs25%
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A template for the world:
Western Australia PBM Project
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