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Transfusion Increases Risk for Ischemic Events

Retrospective cohort study, 8,724 cardiac surgery patients

Two prespecified co-primary outcomes
Composite infection outcome: respiratory, wound, or bloodstream infection
Intended to reflect harm from immunosuppression 2° unnescessary Tx
Composite ischemic outcome: MI, stroke, renal complication
Intended to reflect harm from failure to give indicated Tx

Hypothesis: Risk of ischemic outcome would outweigh risk of infection when
nadir Hct was very low

Tahle 2. Frennencies nf Comnnsite Infection and lechemic Omtcomes

Table 3. Estimates of the Increase in Effects of Transfusion With Increasing Number of Units of RBCs

Relative Increase in

Infection Outcome Ischemic Outcome Cost* Portion of Study

RBCs Transfused, U Odds Ratio 95% CI Odds Ratio 95% Cl Mean 85% CI Population, %
Any 3.73 2.32-5.07 4.05 2.63-5.70 1.42 1.37-1.46 57.1
0 1.00 1.00 1.00 42.9
1 1.46 0.92-2 11 1.63 1.02-2.48 1.11 1.08-1.14 13.6
2 2.36 1.42-3.30 2.30 1.32-3.50 1.21 1.18-1.25 14.5
Jord 3.82 2.22-547 4.49 2.78-6.22 1.41 1.36-1.46 15.2
5-9 10.75 5.83-15.9 11.79 6.80-16.7 1.81 1.71-1.90 10.0
=0 45.44 22.6-73.6 46.39 24.5-75.4 3.35 3.03-3.70 38

NadT NEMaCIT =24 and =27 1175 a0 33 1389 Z31 T6.6

Nadir hematocrit =27 2053 72 \3.5 / 310 36 \11.5/

Murphy. Circulation. 2007. 116:2544-52.
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ACl assi co NO sign

NO NO diffuses freely in biologic systems
8 ~ to execute the tasks of each isoform
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OR HORMONE ENOTHELIAL CELL
SMOOTH MUSCLE CELL
NITRIC OXIDE (NO)

NO synthases (eNOS, nNOS, INOS)
have unique and independent
physiologic functions

toxic effects of NO
consequence of noxious
and non-specific
chemistry

Physiologic actions of NO are mediated
primarily by cGMP, via binding of NO to
the heme moiety of sGC



Pl ease forget the

(at least, for the next twenty minutes)

Hb + NO A metHb + nitrate
Encounters between NO and Hb lead to quenching of bioactivity
NO has limited effects remote from the site of NOS activation

RBCs subserve cellular respiration by simple gas transport and are
not themselvesasoactive or involved in vascular signaling




Please consider the following...

Introduce context-responsive NO metabolism in flowing blood
NOS & guanyl cyclase independent pathway

Reactions between NO & Hb occur that preserve NO bioactivity.
NO is trapped / deployed in response to oxygen gradients

Describe role of NO metabolism by RBCs in vascular reflexes
Hypoxia-responsive bioactivation of a circulating NO reserve

RBCs are a critical node in context responsive vascular signaling.
This function is subject to derangement.

Query: May injured RBCs cause vascular dysfunction?
Can RBCs altered by storage disrupt normal vascular control mechanisms?



Hemoglobin

2 o, and 2 B polypeptide chains Each chain bears 1 heme group
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Each heme contains a porphyrin ring & Fe capable of reversibly binding O,



Bcys?3 reactivity is allosterically governed by O,
& R dependent positioning of Bcys93

oxyHb

Acys93 points in away
from protein surface
ASulfur shielded from sol

& proximal to B heme

deoxyHb
Acys93 points out to

protein surface
ASulfur exposed to sol

o& [ carbons are grey
v sulfur is yellow

SNO-deoxyHb SNO-oxyHb
ASNO group highly ASNO group shielded in
exposed pocket
AS-NO bond sterically ANO+ donation
hindered disfavored
ANO+ donation favored
Oxidation | Snitrosylation
NO + oxyHb — metHb + nitrate nitrosylHb + O, — 0xyS-nitrosoHb (SNOHb)
Addition Release
NO+ Hb — nitrosylHb S-nitrosoHb — Hb + O, + R-S-NO

(HbFe(I)NO) (SNOHb)

Stamler. Science 276:2034; 1997 & Gow. Nature 391:169; 1998



Red cells have context-responsive vasoactivity
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Jia. Nature. 1996;380:221-6. Stamler. Science. 1997;276:2034-7. Gow. Nature. 1998;391:169-73. McMahon. Nat Med. 2002;8:711-7.
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Avid O, extraction
in hypoxic tissue
initiates SNO export
from perfusing RBCs.

As desaturating RBCs
deliver vasodilator activity,
blood flow improves, resolving
steep Oz gradients and

perfusion insufficiency.



