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Anesthesiologists Role in Disasters and
Large-Scale Emergencies
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¥Growe, G. H., Jenkins, L. C., & Naiman, S. C. (1991). Anesthesia training in transfusion medicine.
Transfusion Medicine Reviews, 5(2), 152-156.

* Adapted from: Pretto, E. A., & Barach, P. (2008). Principles and practice of disaster medicine: what every anesthesiologist should know
about responding to medical disasters. Advances in Anesthesia, 26, 175-199.



Key Strategies for
Building National Blood
Resilience

* Blood Conservation
* Blood Stewardship

* Innovative mitigation strategies




Patient Blood Management (PBM) Strategies

PILLAR 2
Minimization of
Intraoperative Blood Loss

PILLAR 1

PILLAR 3
Optimizing Tolerance to Anemia
(Restrictive Transfusion Practice)

Preoperative Optimization
of Red Cell Mass

1. Anemia detection and treatment —

Preoperative anemia is an independent risk
factor for morbidity, mortality, and transfusion.
The 2018 Frankfurt Consensus Conference
strongly recommends detecting and managing
anemia sufficiently early before major elective
surgery. Functional iron deficiency is the most
common cause and should be treated with

oral or intravenous iron; erythropoietin-
stimulating agents (ESAs) can be used in
selected cases. [1][4-6]

. Medication management —
Individualized assessment of thrombotic
risk vs. bleeding risk guides decisions on
discontinuing anticoagulants and antiplatelet
agents preoperatively. Directly acting
anticoagulants can generally be stopped
48 hours before surgery with normal renal
function; aspirin can often be continued.
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. Tranexamic acid (TXA) — Reduces blood loss and

transfusion requirements by approximately 30% in
orthopedic and cardiac surgery. It is safe, inexpensive,

and recommended when anticipated blood loss is high.

[51(71[9]

. Intraoperative cell salvage — Collects and reinfuses

shed blood during surgery. Recommended when

anticipated blood loss exceeds 500 mL. Preferred
over preoperative autologous donation because it
avoids rendering the patient anemic preoperatively.

(31181171

. Acute normovolemic hemodilution (ANH) — Blood is

removed during anesthesia induction and replaced
with crystalloid/colloid; the whole blood is reinfused
at the end of surgery. Evidence on efficacy is mixed,
and use is limited in some surgical settings. [3]

. Anesthetic techniques — Maintaining normothermia

(hypothermia impairs coagulation), controlled
hypotension to reduce surgical bleeding, proper
patient positioning, and use of neuraxial/regional
anesthesia where appropriate. [1][5][7]

. Surgical techniques — Advanced electrocautery,

topical hemostatic agents, fibrin sealants, tourniquets,
and minimally invasive surgical approaches. [1][5][7]

. Viscoelastic point-of-care testing (TEG/ROTEM) —

Provides real-time coagulation analysis to guide
targeted component therapy (FFP, platelets,
cryoprecipitate, antifibrinolytics), reducing
empiric transfusion. [9-11]

. Reduced CPB circuit priming — In cardiac surgery,

reduced priming volume and retrograde autologous
priming of the cardiopulmonary bypass circuit
reduce hemodilution and transfusion. [9]
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. Restrictive transfusion thresholds —

The Frankfurt Consensus Conference established
evidence-based hemoglobin triggers: <7 g/dL
for critically ill, clinically stable ICU patients
(with or without septic shock); <7.5 g/dL for
cardiac surgery patients; and <8 g/dL for
patients with hip fractures and cardiovascular
disease. [4]

. Single-unit transfusion policy —

“Why give 2 when 1 will do” — transfusing
one unit at a time with reassessment before
additional units, consistent with the
Choosing Wisely campaign. [5][12]

3. Minimizing diagnostic phlebotomy —

Using smaller phlebotomy tubes (microtainers)
and reducing unnecessary laboratory testing,
particularly in ICU settings where phlebotomy-
related blood loss can be substantial. [2][5]

. Point-of-care hemoglobin testing —

Rapid turnaround reduces uncertainty and
empiric transfusion decisions. [5][12]



Effectiveness of Patient Blood Management (PBM) Strategies

Impact on Blood Utilization and Clinical Outcomes

RBC Reduction

Clinical Outcomes
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Abbreviations: RBC = red blood cell; LOS = length of stay; OR = odds ratio; CABG = coronary artery bypass graft
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INNOVATION IN PRACTICE

ANESTHESIOLOGY
OPEN

National Shortage of Type O
Blood: What Anesthesiologists
Can Do

Hrent B. Lee, M.D., M.PH., Emily A. Coberly, M.D.,
David A Leon, M.D., M.5.,
Anil K. Panigrahi, M.D., Ph.0.

.
AnesmHesioLosy Oren 2026, 1:20010

ABSTRACT

Chronic shortages of fype O red blood cells, parficularly O-negative units, rep-
rasant a growing nalional concarn that threatans transfusion readiness and
pafiont safely. Despia O-negative blood fypa comprising only £.9%: of the LS.
population, demand for 0-negative red biood calls now exceeds 12% of all
transiusad units. Ovenutiization—especially ransfusion fo non—0-negativa
gified the imbalanca. Demographic shifts ioward a more ethmically divarse donor
base may furthar exacerbao this mismatch. In response, fhe Amencan Red
Cross launched the Empower Group O Care Initiative, promoling the principlas
to “Start Smart” and “Switch Soonar™: initiang emergency fransfusions with
O-positive red biood calls in males and famales boyond childbearing potential
and converting o typa-specific products as early as feasible. Anesthesiologists,
who adminisier up to 60% of U5, fransfusions, play a pivotal mle in show-
ardship efforts to optimize ultilzation, preserve scarce (-negative blood, and
strangthen the national blood supply.
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U.S. supply trend of O-positive and O-negative EBC units from 2017 to 2'024-1 RBC, red blood cell. Adapted with
£y 2
permission from AABB.
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U.S. demographics of O-negative and O-positive blood by race/ethnicity. Adapted with permission from American Red

Cross.




INAPPROPRIATE / AVOIDABLE USE OF O-NEGATIVE BLOOD

Multiple studies show that a large proportion of O-negative red blood cell (RBC) transfusions
are unnecessary and could have been avoided.

HOW OFTEN IS O-NEGATIVE BLOOD GIVEN INAPPROPRIATELY?
Selected Studies with Reported Data

WHY IS O-NEGATIVE BLOOD USED

INAPPROPRIATELY?

INAPPROPRIATE / Top Reasons Identified
STUDY SETTING POTENTIALLY AVOIDABLE APPROPRIATE
O-NEGATIVE USE o EMERGENCY RELEASE /
0% 50% 100% UNCROSSMATCHED USE
GROUP Study » Emergency release of O-negative
(Zeller et al.) International 43.2% 56.8% RBCs (no time for testing)
38 haspitzllls / nospitals % of O-negative RBC transfusions to patients * Habit / protocol inertia in emergencies
11 countries who could have received another blood type
FAILURE TO SWITCH TO
OPTIMUS Study TYPE-SPECIFIC BLOOD
U.5. o, . 0,
(31 institutions) hospitals 44.5% _ 55.5% * Delayed or missed opportunity to
U.S. hospitals % of O-negative RBC use deemed inappropriate switch to type-specific RBCs
+ Policies or workflows that do not
Before: policy 67% 33% prioritize early sampling and review
Virk et al. (higher inventory) INVENTORY / NEAR-EXPIRATION
Stanford / After policy 57% 43% MANAGEMENT
academic center (lower inventory) » Nearing expiration / short shelf-life
% of O-negative use deemed inappropriate management
(reduced after inventory reduction policy) » |Inventory management / shortage

mitigation practices

W Appropriate Use

B 'nappropriate / Potentially Avoidable Use

KEY TAKEAWAY: Nearly 40-50% of O-negative RBC transfusions may be avoidable.

Better stewardship—Start Smart, Switch Sooner, and Minimize Blood Loss—can conserve this scarce resource for patients who need it most.

Sources: Zeller et al. (GROUF Study); OPTIMUS Study Investigators; Virk et al., Stanford University.



%
Anesthesiologists administer up to 60 0 of blood transfusions,

and play a critical role in reducing overutilization of O-negative RBCs

v 2,

START SWITCH MINIMIZE
SMART SOONER BLOOD LOSS

When blood type is known, <+ Collect a patient sample for Use established blood
use type-specific RBCs blood type testing as early as conservation techniques to
whenever possible possible to expedite the reduce the need for transfusion,
In emergencies when switch to type-specific RBCs including:
patient blood type is * Develop policies that define * Point-of-care testing to rapidly
unknown, start with O- when to transition O-negative identify hemostatic defects
positive for males and patients to O-positive RBCs * Reinfusion of shed blood/cell
females beyond when O-negative inventory is salvage
childbearing potential being depleted * Topical hemostatic agents
Reserve O-negative RBCs
for O-negative patients and EVERY UNIT MATTERS

females of childbearing

potential when blood type
is unknown

Thoughtful transfusion practices conserve O-negative
RBCs for patients that need them most
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A “blood desert” is...

“A geographic region where essential
clinical demand tor blood components
cannot be met at the point-of-care in a
timely and affordable maner, in at least

-5% of cases where transfusion is
needed.”

Raykar N, Raguveer V et al. Innovafive Blood Transfusion Strategies

D.
To Address Global Blood Deserts, The Llancet Global Health, 2024 ((



Blood deserts are not just a low-resource problem—
they also exist in high-income countries due to time, distance, and disrupted supply.

Q{ BLOOD DESERTS IN HIGH-INDEX COUNTRIES e

is unavailable when needed

1. TEMPORAL BLOOD DESERTS 2. ULTRA REMOTE BLOOD DESERTS

When blood cannot get to the patient in time

Temporary disruptions prevent blood from
reaching hospitals, even though blood centers

and supply exist elsewhere.

When distance creates persistent barriers to blood access

Geographic remoteness creates persistent
barriers to blood access, even in well-
resourced health systems.

KEY SCENARIOS KEY SETTINGS
MATURAL DISASTERS SUPPLY ROUTE ULTRA MASS CASUALTY REMOTE INDUSTRY EXTREME REMOTE SPECIAL OPERATIONS /
Natural disasters damage DISRUPTIONS EVENTS SITES COMMUNITIES DEPLOYED ENVIRONMENTS
infrastructure and cut off Transportation barriers Demand rapidly exceeds Worlk sites far from Small populations Military or expeditionary
supply routes. delay or prevent blocd available supply. population centers far from regional teams far from resupply.
delivery. BLOUD DESERT or blood centers, blood centers.
* When and where
m patients cannot
¥ ¥ " get the blood &
E I I ﬁ L BX. they need A
i i
a=- g
Examples: hurricanes, Examples: bridge down, Examples: terrorist attacks, Examples: oil rigs, Examples: Arctic villages, Examples: Arctic operations,
earthquakes, floods, too windy to fly, mass shootings, LSCOs, mining sites, wind islands, desert towns, maritime missions,
wildfires snowstorms, road closures large-scale accidents farms frontier communities space analog missions

Limited or no on-demand access to blood.
Reliance on long or intermittent transport times.

Hospitals have blood refrigerators but no blood.
Minutes to hours of delay can cost lives.

TEMPORAL BLOOD DESERT IMPACT: o ULTRA REMOTE BLOOD DESERT IMPACT:




Innovative Stopgap Transtusion
Strategies for Global Blood Deserts

Walking Blood Bank

Autotransfusion

Drones/Delivery




Drone-based blood delivery (DBD) \

Ex‘l‘ending the blood deliver}r range of blood collection centers \

Implementation

Nisingizwe (2022, Rwanda)
Retrospective cohort study

DBD was 80-100 min taster than ground
based deli\r&r}r services

Reduced wastage by 67%

Sylverken (2022, Ghana)

Descriptive study

COVID sumphas sent via drone for centralized
testing came from 10 districts, farthest was 270
km away

F|ig|'r|' times took 78min less than grnund
transport

Ling (2019)
Highlights efforts by the US military, Zipline,
and QuiQui in de|i\rering medical prnduc:Jrs

including blood to remote areas

Demuyakor (2020, Ghana)

Online survey

Providers repur‘l'ed positive impact of drone
-::|E|i1.|nE:r:;|r on emergency health -:ilslh.rﬁ.-r}.r

Safety Cost
Homier (2021, Canada) Ochieng (2020, Liberia)
Prospective drone flight testing Cost-effectiveness analysis

Drone de|'l'-rer;.r Wias signific:cmﬂy taster than DRD e th .
t le del
gruund fransport and maintained was more expensive than motorcycle delivery

appropriate temperatures during ﬂighi

Amukele (2017)

Prospective flight testing

Lab and hematologic samples showed no or
minimal chunges but require environmental
regu|c:|1'inn

Kremer (2023, Ghana)
Cross sectional study
Vaccination coverage imprmred b}r 13-38% with

drone delive

Infectious diarrhea decreased by 41% in —
children 5-9 years old %‘
Drone with Blood or medicine

el .

-
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Zailani (2021, Borneo)

Cost-etfectiveness unulys-is

DBD was more expensive than ambulance
based transport, but significantly shorter delivery
times offset costs

Haidari (2016, Mozambique)

Model simulation sensifivity unulysis

DBD |i|:e|}r increases yaccine c:wuiluhilif'_.r and
reduces cost if used regularly and frequently

e e
= 100
————Bion with bléod Y B SampiE— —— COALITION



Intraoperative Autotransfusion (IAT)

A real-time, safe way to give lost blood back to patients during surgery

HIC CONTEXT

Use of Cell Saver Devices is safe and cost-effective across fields

TRAUMA

Lilienstein (2022)
Retrospective cohort s-iud)r
|AT use in contaminated trauma |u|:|uru‘|‘1::rn}r

fields was not associated with a higher rate
of cumplit:ﬂ'liuns_

Li (2015)

Systematic review

IAT did not affect mortality or adverse events
in patients undergoing surgery for abdominal

or thoracic trauma

ONCOLOGY

Murtha-Lemekhova (2022)
Systematic Review & Meta-Analysis
Autotransfusion is safe in patients with
hepatocellular carcinoma undergoing
resection or tra rﬁpluniﬂﬁnn

CARDIAC

Wang (2018)
Retrospective cohort
Autotransfusion can signiﬁcunﬂy reduce

demand of ﬂ||ﬂgen&ic blood in CABG when
blood loss is 400-1000mL

ORTHOPEDICS

Chi (2023)

Retrospective cohort

For adolescents undergﬂing scoliosis surgery,
IAT was cost effective in cases with =1500mL
blood loss

Rao (2012)

Retrospective cohort

Pus-i—ﬂperuﬁ\rely washed sulvuged cells may
be cost-saving in patients receiving total hip
urihrophsf'_.r

|
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OBSTETRICS q

Xia (2024)

Autotranfusion is more effective than ullngenic
blood transtusion at attenuating inﬂummu‘l‘ﬂr}r
response in women undergning C-sections

Phillips (2023)

Retrospective cohort

Autotransfusion is safe and effective in \ruginul
obstetric hemclrrhuge

Oborre (2022)

IAT in women underguing C-sections with high risk of
hemcrrhuge is associated wi‘l‘h |uwer incidence of
transfusion related events and decreased length of stay

BLOOD
D.ES.ER.T
COALITION



Intraoperative Autotransfusion (IAT)

A real-time, safe way to give lost blood back te patients during surgery

LMIC CONTEXT

Palmqvist (2022)

Systematic Review

Mest common indications were hemoperiiuneum
and hemothorax. Techniques include the soup &
ladle, Tanguieta tunnel, and Hematuse devices.

Bihariesingh (2021)

Case Report

Use of Hemoclear filter to salvage postoperatively
shed blood cells

Munoz-Valencia (2022)

Training program in Kenya and Ghana teaching
providers how to salvage up to $00mlL of whole
blood per case

Usvre BFmgre . FRagE P rapte Seegn By Charbra ‘Whesier

POST PARTUM HEMORRHAGE IN LMIC

Yost (2019)
design of a novel device with leukocyte depletion
filters to address PPH in low resource settings.

Selo-Ojeme (2003)

Scoping Review

16 LMICs using manual techniques for IAT to treat
rup‘l‘ured ectopic pregnancies

Priuli (2009)

Three hnspiiﬂ|5 sulvuging iniruperﬂcneul blood in
rup‘l‘ured ectopic pregnancies using a perfﬂm'l'ed
metallic conical funnel

Dobiesz (2017)
F'mh:r’r}'pe medical device with |Eu|m|:}l1& filker for
accessible |AT use in postpartum hern:}nhuge



Walking Blood Banks (WBBs)

A “just-in-time" transfusion strategy using donors from a pre-screened community pool and

rapid diagnostic tests (RDTs) for point of care transfusion

MILITARY SETTINGS
Spinella (2012)
Retrospective review: 50 US military focilities in lrag, Afghonizton
Results: 258,000+ blood units transfused 1o 26,000 cosvalties in 10 years
111 plasrma-RBC-platedet ratio improved survival in mossive tnansfusions
Frech whale bBlocd [WE) i a feasible allemative when ether blood
components unavailable

Gurney & Holcomb (2017)

Refrospective review: mililary and civilian Trouma care in Wi, Wisil,
Korean War, Vielnom War, Inag, and Afghanistan

Results: WB transfusion improved survival rates in cormbal emvironments
compored to component therapy

S military is working to odopt WB tronsfusion operations af the point of
injury and in pre-hospital setfings

AUSTERE TRAUMA SETTINGS

Katsura et al (2020)

Retrospective cohort study over 20 pears Okinowa lslands, Jopan
WFWE use <24 howrs of admission in 3 oustere civilian trouma seltings
Results: 28 patients, median transfusion B00 mil, no adverse events
Buarly WPWE use within 4 bours af admission associated with a significant
reduction in platelet transfusion requirement

WFWE transfusion is safe & feasible for austers civilion frouma settings

Miller et al (2018)

Cose series: Maritime belicopter crash vietims and the use of WRWB
Results: 54 units of WPAE collected for & patients, 39 units transfused;
WFWE available within 80 minutes from time of arival; all patients
survived

WEBs are crifical for marifime mass cosualty managerment, ensuring
timedy WEWE tramsfusion and optimal cuteomes in austere noval selfings

CIVILIAN SETTINGS
Apelseth et al (2022) - Norway
Prospective intervention pilol shudy detailing implementation siralegy
5 rural hospitals, 2 air ombulonce boses, 4 municipal health care sendoes
Results: Successfully implermented decentralized CWBBs, including
emenpency denor peals, training programs, oclivalion protocols, posi-
transfusion follow-up, ond quality assessment systerms
CWEB is feasible and recormmended for locations with pralonged
transport fimes
Martinaud et al (2021) - Mali, Norway
Intemational survey of WBB progroms ocross 10 countries
2 civilion programs (Mali [LIC] and Horsay [HIC])
Results: Varioble implementation siralegies globally with ol protocols
including methods for pre-screening and octivating donors
Lse of collected blood and monitoring systems differ
Caormmen challenges include transfusion safety, lock of post TT guidelines,
infrequent protocel activation

- — — —

! How is a walking blood bank different?

| itk R
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Fariamin Al indicaiona o tranafmion Emargency or urgent indications

L—_— VeLngary donces Soidiers, family, heatheare workers, welunteers|
Im:muu Cormpanamis or Winoks Blond Freskh whiole Blood

Taaring Cantralizad laboratory-bassdd lesing Rapid dagnos: testing (ROTS) =

Ty Dy b wsios MImes to hours |
M _ _ _ _7

IMPLEMENTATION PROGRESS

WHO Recognition & Guidelines

» 2003: Blood and blood components added 1o core list of 1Brh WHD
Madel List of Essentiol Medicines

» 2018: RDTs added to WHO Model List of Essential in Vitro Diagnostics
since ils first publication for TTs

» 3003: ‘Guidonce on Ensuring a Sufficlent Supply of Sofe Biood and
Biood Components During Emerngencies suppors principles relevant
1a WBBs through community donor engogement, establishment of
donor databose, emergency preparedness, risk amsessment,
altemative donation sites, and mass cesvalty blood demand

franagernent
/- ™
Screened, \
bonked blood
unavailable
Donor pool contacted
Donor & recipient
blood types matched
Unscreened
blood present
Pufien’r
hh:md
k Tl screening
Blood -(_/ via RDT
| fransfused fo Blood callected |
LY patient trom donor !.;
H.____ _ _ _ -




Crisis Standards of Care

stringent
WBB and
blood normal application of PBM el 5to'ragef c : e
management allocation of blood and blood cg::f;;i B ed | Ig:;tbt}:}c;
stewardship - g
Normal staffing- Minor changes Significant : :
add contract to ratios and changes to T'er'?r—;losc;fzrf'ng
staff hours ratios / hours ~ inps R

Shorten runs,
Less frequent
Normal favor

: ; \ Limit who
o . . runs, adjust : S
hemodialysis intermittent ir : receives dialysis
. thresholds ki :
over continuous

. Use transport Adjust : BimiE w0
RES p' rato FV Normal ventilators for thresholds for ; e
su pport interventions more stable intubation and o

. . : _ : ventilation
patient weaning - -

Conventional Care ‘ Contingency Care ‘ Crisis Care

Hick J, Hanfling D, Wynia M. Hospital Planning for Contingency and Crisis Conditions: Crisis Standards of Care Lessons from COVID-19. Joint Commission Journal on Quality and Patient Safety, 2022; 48, 354-361
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