REVIEW

Reperfusion Injury After Hemorrhage
A Collective Review

G. D. Rushing, MD, and L. D. Britt, MD, MFH

Objective: To review current knowledge of hemorrhagic shock and
reperfusion injury.

Summary Background Data: Patients with hemorthagic shock
require optimal resuscitation and cessation of ongoing bleeding,
Often our resuscitative measures, while necessary, cause a wide
range of detrimental physiclogic effects. Research continues to
answer questions regarding measurable endpoints and optimal fluids
wsed in reswscitation, Elucidation and understanding of the complex
metabolic pathways involved in reperfusion injury are areas of
intense current investigative effort.

Methods: A literature review was performed using MEDLINE and
key words related to experimental and clinical studies concemning
shock and reperfusion.

Results: Experimental studies have shown that resuscitation with
colloid and crystalloid show no difference in outcomes in critically
il patients, Laboratory studies are showing promising results with
immunomodulation of response to injury, However, no clinical trials
have shown significance ved

Conclusions: It is unlikely that a single treatment modality or
“magic bullet” will be able to substantially block such & complex
regulated process unless performed before feedback mechamsms
known to be in place. Ongoing translational research will inevitably
have 4 major impact on patient care.

(Arn Surg 2008;247: 929-937)

hock is one of the primary causes of morbidity and

mortality in the intensive care units of today’s hospitals,
The body's inflammatory response is profound and, if un-
checked, can lead to multiple end organ failure and death.
Although sepsis is the likely source prompting an inflamma-
tory response in critically ill patients who become hypoten-
sive and tachycardic, hypovolemic shock is also associated
with severe systemic inflammatory processes based on com-
ponents of innate immunity, Although the most common
etiology of hypovolemic shock is hemorrhagic, there are
other pathophysiologic processes that can result in this type
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of shock state, The concept of shock has evolved since first
being described in ancient traumatic wounds and hemor-
rhage. Initially, the correlation between blood loss and death
was not made; treatment for shock during the time of Hip-
pocrates (460-380 BC) was bloodletting. George James
Guthrie (1785-1856) was the first to use the term “shock™ 1o
delineate physiologic instability.! Keith used dve dilution
measurements to show that hypovolemia was a mechanism
for shock in 1919.% However, in 1930, Alfred Blalock classic
animal experiments proved, indisputably, that blood loss was
the primary cause of traumatic shock ™

The definition of shock has progressed considerably but
in its most simple terms is defined as a physiologic state
where delivery of oxygen does not meet metabolic demands.
Traumatic blood loss is often easy to recognize; however,
volume and location of bleeding can be extremely difficult to
discern. To assist the surgeon with treatment of hemorrhage,
classes of shock have been devised to delineate severity
{Table 1). The first sign of hypovolemic shock is a decrease
in pulse pressure. This phenomenon is due to an increase in
diastolic blood pressure, secondary to a catecholamine surge.
Compensatory responses to hypovolemia such as mild tachy-
cardia, anxiousness, tachypnea, and decrease in urine output
occur in class 11 shock, Sustained hypotension is scen with
both class 111 and class TV shock,

TIMING OF TREATMENT FOR HEMORRHAGIC
SHOCK

In addition to ensuring a stable airway and adequate
ventilation, the primary treatment goal in hemorrhagic shock
is to address the bleeding. Frequently, this requires surgical
intervention. Replacement of blood loss is necessary to con-
tinue oxygen delivery, but timing and extent of resuscitation
are still investigational issues. Different resuscitation strate-
gies are used to maintain blood pressure in trauma patients
until bleeding is controlled. However, while maintaining
blood pressure may prevent shock, it often worsens bleeding,
Several studies have investigated early versus delayed resus-
citation in the hypovolemic patient.”™ " One of the largest
randomized controlled frials by Tumer et al showed no
difference in mortality with early (10.4%) or delayed (9.8%)
administration of fluids in 1309 tauma patients.® Another
randomized controlled trial by Bickell, Mattox, and col-
leagues reported no differences in mortality and coagulation
times on a total of 39% hypotensive trauma patients with
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TABLE 1. Clinical Signs and Symptoms of Hemorrhagic Shock Based on Severity of Blood Loss

%a Loss of Pulse Capillary Central Nervous  Urine Output
Class  Blood Volume Rate Systolic Pressure Pulse Pressure Redill Respirations System {mL/h)
| B ] Mommal Maormal Mormal Mormal Mormal Mormal Mormal
I 15-30 =100 Wormal Drecreased Delayed Mild tachypnea Anxious 20-30
m 330 =120 Decreased [ecrensed Delayed  Marked tachypnen Caonfused 20
IV ] =140 Marked decrease Moarked decreasc Absent Marked tachypneca Lethargic Negligible

penetrating torso injuries,” Many studies have tried to answer
this question of early versus late use of fluids for resuscita-
tion. Currently, the best data available demonstrate that there
i5 no difference in mortality outcomes if surgical intervention
is immediately available. However, the Advanced Trauma
Life Support protocol of the American College of Surgeons
recommends the liberal use of isotonic :r}\,’rstal]uid to correct
hypotension in bleeding trauma patients.'

EXTENT OF RESUSCITATION

Extent of resuscitation is the target of several random-
ized control trials. Supraphysiologic, normotensive, and hy-
potensive resuscitation have all been evaluated.' " In onc
trial by Dutton et al, with a total of 110 hypotensive patients
with blunt and penetrating injuries, mortality was equal in
groups administered different volumes of fluid (1000 mL less
than in the intervention group).*' In a study by Dunham et al,
a significant difference in mortality was seen in patients
administered smaller volumes of fluid via rapid infusion,™
Although vigorous fluid resuscitation may be lifesaving in
some patients, results from clinical trials are inconclusive.
Studies with adequate power analysis and appropriate con-
trols are still needed to optimally discern the correct treatment
protocols for patients in hemorrhagic shock, Because cellular
oxygen utilization is the ultimate goal of resuscitation, sev-
eral strategies have been proposed to measure cellular oxygen
metabolism. Techniques such as gastric tonometry, tissue
oxvgen electrodes, and microdialysis have had limited use.”
Complications due to the invasive nature of these technigues,
limited monitoring intervals, and inaccurate values are rea-
sons for their restricted clinical use. Near infrared spectros-
copy i5 a portable bedside techmigue, similar to Doppler,
which can be used to measure tissue oxygenation. Results
from clinical trials have demonstrated that near infrared
spectroscopy is promising ™ 27 As technalogy advances,
measurement for end points of resuscitation will continue to
be a rescarch topic of great interest to surgeons.

COLLOIDS VERSUS CRYSTALLOIDS

The type of fluids used for resuscitative efforts is stll a
topic of much debate. Although colloids are effective in
expanding the circulation, there is no evidence that this
improves outcomes in critically ill patients.*® The U.S. Hos-
pital Consortium Guidelines recommend that colloids be used
in hemorrhagic shock before the availability of blood prod-
ucts, and in nonhemorrhagic shock afier an nitial crystalloid
infusion. A 1995 survey of U.S. academic health centers,

however, found that the use of colloids far exceeded even the
Hospital Consortium recommendations.™ Volume replace-
ment with colloids is considerably more expensive than with
crystalloids. Clinical studies demonstrate that colloids and
crystalloids have different effects on a range of important
physiological parameters. Because of these differences, all-
cause mortality is arguably the most clinically relevant out-
come measure in randomized trials comparing the 2 fluid
types. Previous meta-analyses of mortality in randomized
trials comparing colloids and crystalloids do not satisfy cni-
teria laid out for scientific overviews, and they predate most
of the trials conducted using synthetic colloids or hypertonic
crystalloid solutions*™*! A recent prospective study, the
Saline versus Albumin Fluid Evaluation trial, attempted to
determine whether the use of albumin for fluid resuscitation
had a detrimental effect on mortality in critically ill pa-
tients.”® There was no significant difference between albumin
or saline in the number of days spent in the intensive care
unit, days spent in the hospital, days of mechanical ventila-
tion, days of renal replacement therapy, or all-cause 30-day
mortality within this study. The most recent meta-analysis is
a Cochrane review analyzing the use of colloids and crystal-
loids in resuscitation,” This review is a consortium of criti-
cally ill patients, however, not all subjects are purely victims
of hemorrhagic shock. Nevertheless, these are the best data to
date. This meta-analysis conveys several important implica-
tions., First, there is still no evidence that colloids are superior
to crystalloids for intravascular volume resuscitation in crit-
ically ill patients. Importantly, the Saline versus Albumin
Fluid Evaluation trial provides no evidence that the use of
albumin is clinically advantageous. Second, albumin carries,
at least, a theoretical risk of transmission of infections. Third,
the economic cost of colloids for resuscitation is considerable
and, therefore, its ongoing use in this context 15 unjustified.

In groundbreaking work by Rhee and colleagues, hy-
pertonic saline has been advocated as a viable option for
resuscitative fluid for hemorrhagic shock.™ In this study,
looking at differing resuscitative fluids and neutrophil func-
tion, oxidative burst was suppressed when exposed to hyper-
tonic saline. Changing the isomer of lactate in Lactated
Ringer's solution from racemic (mixture) to a specific (L)
isomer has a similar effect on neutrophil activity. Using only
{L1.) isomer lactated Ringer solution in resuscitation of rodents,
leukocyte genes known to be involved in inflammation, cell
migration, and apoptosis were down-regulated. Immuno-
modulation of type-specific fluids is now a burgeoning topic
in trauma resuscitation research.
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EXPERIMENTAL OXYGEN TRANSPORTERS

Initially, hemoglobin-based oxygen carriers (HBOC)
were a project of the United States Army after the Vietnam
War, The impetus was for a blood substitute that could be
given in forward areas until soldiers were evacuated to
definitive medical care. Tetrameric hemoglobin has been the
front runner but is plagued with adverse organ toxicities, such
as renal, hepatic, cardiovascular, and pancreatic.”**® Prepa-
rations that are more contemporary have been designed by
cross-linking the tetramer with either diaspirin or raffinose.
Unfortunately, & recent trial involving cross-linked hemoglo-
bin had to be closed due to increased mortality in the
investigational arm.”” Another product undergoing phase 111
trials is a polymerized human hemoglobin product known as
PolyHeme (Northfield Laboratory). ™" Interim analysis has
shown no toxicity or increase in mortality, however, North-
field is currently preparing for review by the Food and Drug
Administration. Animal studies have demonstrated that the
HBOC PolyHeme improves r&cuve%t‘rmn postshock oxygen
debt and reduces acute lung injury.™ Further animal studies
using swine have established that bovine polymerized hemo-
globin, HBOC-201, is suPeriar to Dextran with regard to
resuscitation and survival.”! Oxygen carrying fluids continue
to evolve and develop for the treatment of shock.

Resuscitation with trans-sodium crocetinate (TSC), a
vitamin A-analog, has been used in animal models for im-
proved oxvgen delivery after hemorrhage *>** Increase in
oxygen delivery is due to TSC-mediated diffusivity of oxy-
gen through plasma, TSC has also shown increases in whole
body oxygen consumption. Mo clinical trials have been per-
formed to date; however, infusion with TSC in animal models
has shown promising results,*>** Although oxvgen-carrying
fluids will continue to be studied, it must be noted that the
return of oxygen to ischemic tissue heralds the beginning of
reperfusion injury.

ENDOTHELIUM, ITS ROLE IN REPERFUSION
INJURY

Reperfusion injury starts with the simple reoxygenation
of tissues after ischemic insult causes hypoxia. Regardless of
the cause of hypoxia, endothelium seems to be the primary
starting ground for reperfusion injury. Endothelial cells are
known to be sensitive to hypoxia, manifesting damage via an
increase in cellular volumes, loss of cvtoskeletal organiza-
tion, and decreased membrane Auidity. Energy stores are
depleted and certain bioactive agents including prostacyclin
and nitric oxide (NO) are used to maintain anticoagulation,*
Early in reperfusion, endothelial cells exhibit morphologic dam-
age including cellular swelling, loss of adherence to the base-
ment membrane, and adherence of activated leukocytes.**

The location of endothelial damage is found throughout
the vascular system specifically at the level of arterioles,
capillaries, and venules. The postcapillary venule is the most
common site of inflammatory response due to reperfusion.*®
Injury is heralded by several venule responses after ischemia,
which includes the following: leukocyte-endothelial cell ad-
hesion, transendothelial migration, platelet-leukocyte aggre-
gation, and enhanced oxidant production. Intravital micros-

o 2008 Lippincott Williams & Wilking

copy has been a key tool in verification of endothelial damage
occurring in venules during reperfusion after ischemia. Sev-
eral studies have shown endothelial leakage using fluorescein
isothiocyanate conjugated albumin as a marker.*”™ " This
“leaky™ vasculature has been linked to adhesion of leukocytes
as well. It seems that the volume of adherent leukocytes is
directly correlated with the amount of extravasated albumin,™

LEUKOCYTES AND THEIR ADHESION
MOLECULES

Leukocytes use binding proteins to attach themselves to
endothelium and facilitate extravasation. A review of selec-
tins, integrins, and other adhesion molecules is beyond the
scope of this review, however, several are relevant to reper-
fusion imjury (Fig. 1). All 3 selectins (endothelial-E, plate-
let-P, and leukocyte-L) are involved in various aspects of
reperfusion injury. Intercellular adhesion molecule-1 (ICAM-1)
is expressed by endothelial cells after damage and increased
by tumor necrosis factor (THNF}-a and interleukin (IL)-1. This
protein binds to a beta integrin dimer that is present on
neutrophils. This dimer is made of the 2 monomers CD18 and
CD11. CDI11 has 3 subtypes including CD11a, CD11b, and
CD1le, One of these 3 monomers is expressed together with
CD1# to create a binding complex with ICAM-1. This CD11/
CD18 complex is integral to 5 activities that promote neu-
trophil damage during reperfusion. Initially, CD11/CDI18
allows neutrophil adhesion to endothelium by the binding of
ICAM-1 as described above™ ** and is required for transen-
dothelial migration.® This dimer is also necessary for H,0,
production by neutrophils that are adherent,™ CDI8§ itself is
the mediator of neutrophil-neutrophil adherence and clump-
ing.*® Finally, CDI1/CD18 is the receptor complex for the
complement fragment C3bi, which mediates nr:utn:?hil and
macrophage phagocytosis of C3bi bound particles.™® CD18
blockade by monoclonal antibodies has proven effective at
decreasing neutrophil extravasation in animal models. CD18
is the one constant monomer that comprises the dimer CD11/
CD18 complex and, as such, is the theoretical optimal target
for therapy. However, blockade of this t has shown no
mortality benefit in several clinical trials.*"**

MITOCHONDRIAL OXIDATIVE METABOLISM
AND REPERFUSION INJURY

Associated with high-energy phosphate production and
oxygen consumption, mitochondria have been defined as the
“workhorse” of the cell. Mitochondnia consume greater than
90% of cellular nx}rgen.” In patients undergoing resuscita-
tion, it has been noted that optimal delivery of oxygen does
not result in increased wtilization of that oxvgen. Inability of
the mitochondria to use oxygen, due to electron chain trans-
port uncoupling, is a focus of ongoing investigation. This
phenomenon of uncoupling has been termed “cytopathic
hypoxia.™™ Reperfusion injury diminishes the ability of mi-
tochondria, utilizing the electron transport chain, to formulate
adenosine triphosphate via oxidative phosphorvlation. Ninety
percent of oxygen consumption, along the electron transport
chain, occurs at cytochrome a, ay (also known as cytochrome o
oxidase). Cytochrome ¢ oxidase contributes to reperfusion
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FIGURE 1. Leukocyte and endothe-
lial cell adhesion molecules. The
leukocyte adhesion molecule is a
dimmer composed of 2 entities,
CD-11a3/CD-11b and CD-18. CD-18
is the constant member of this as-
sociation. LFA-1 or MAC-1 bind to
the endothelial receptor ICAM-1
causing activation and extravasa-
tion of the leukocyte. ICAM-1 indi-
cates intercellular adhesion mole-
cule-1; LFA-1, lymphocyte function
antigen-1; Mac-1 macrophage
antigen-1.

injury through production of reactive oxygen species in the
mitochondria. ™ ®*' Changes in the cellular redox state may
modulate the cell's vulnerability to the inflammatory re-
sponse in shock states. Nuclear factor kappa-B (NF-kB) is
known to be a redox sensitive transcription factor with
regards to the production of TNF-a, Mitochondrial respira-
tion is important in activation of NF-xB and subseguent
proinflammatory mediator production ®***

ENZYMATIC MEDIATORS OF REPERFUSION
INJURY (XANTHINE OXIDASE AND NITRIC
OXIDE 5YNTHASE)

Endothelium is also damaged in reperfusion injury
secondary to oxidative radicals. Not only leukocytes, but also
endothelial cells create oxygen radicals. Endothelial cells
have an abundance of xanthine oxidoreductase, a metallofla-
voprotein, which exists in 2 functional states.™"* Constitu-
tively expressed as a dehydrogenase, it normally reduces
nicotinarmide adenine dinucleotide. Post-translational modifi-
cation converts this enzyme to xanthine oxidase, which starts
o reduce O, instead of nicotinamide adenine dinucleotide
during times of hypoxia. When oxvgen is reintroduced into
the hypoxic tissues during reperfusion, an accumulation of
hypoxanthine allows for a burst of superoxide and hydrogen
peroxide production, Several recent studies have looked at red
wine constituents," chimeric superoxide dismutases,”” and
more traditional antioxidants including allopurinol and deferoxi-
mine™ for treatment of reperfusion with promising results.

MO and its effects on the endothelium have been
prolifically investigated since the first classic studies by Pohl
and Busse.”” NO is the metabolic by-product of the conver-
sion of L-arginine to L-citrulline by a class of enzymes dubbed
nitric oxide synthases (NOS). To date, 3 isoforms of NOS
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have been identified. Neuronal NOS (nNOS or NOS1) s
expressed constitutively by neurons in the brain and enteric
nervous svstem, whereas endothelial NOS (eNOS or NOS3)
exhibits constitutive expression that is confined to the endo-

0270

thelial cells lining the vasculature. The third isoform of
WNOS is inducible NOS (iNOS or NOS2) and, as the name
implics, is expressed only in response to certain inflammatory
stimuli, Such inflammatory stimuli include bacterial products,
eytokines, and lipid mediators.”"" Vasodilatory effects of
endotoxin were shown to have an NO-derived component in
studies in our laboratory.”™ NO induces vascular relaxation
at mild hypoxic levels. However, when severe hypoxia (pO,
=63 mm Hg) is induced, NO-dependent vascular response is
lost.™ During severe ischemia (p0, <35 mm Hg), relaxation
of smooth muscle is associated with a potassium-adenosine
triphosphate pump hyperpolarization,™ Several studies have
evaluated the effects of NO on adhesion molecules, In cul-
tured endothelial cells NO down-regulates the production of
endothelial adhesion molecules (ECAMs). ™ Similar re-
sults were also produced in animal models; increased ECAM
expression was observed in NOS-deficient mice.™ Formation
of NO adducts with hemoglobin iron, protein thiols, and
protein nitrites/nitrates have demonstrated early formation in
red blood cells after hemorrhage, Results from these studies
indicate this phenomenon is independent of iINOS up-regula-
tion.®' Bioreactive NO species could be transported by red
blood cells systemically after hemorrhage or trauma. There
has been extensive research into blockade of NO production
with conflicting results. Inhibition of NO production, using
L-V"-imivoethyl-lvsine, demonstrates that iNOS is not re-
sponsible for up-regulation of the ECAMs.® This method
reveals that iNOS 15 not responsible for extravasation of
neutrophils in an animal madel® Although much has been
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delineated, a clear role for NO and each of the NOS enzymes
in reperfusion is not fully understood. Evaluating the most
current data, it seems that constitutively expressed NOS is
involved with adhesion of neutrophils and endothelium,
whereas inducible forms of NOS are involved in other activ-
ities, such as activation of NF-xB.*

MNF-xB AND REPERFUSION INJURY

MF-xB, a DNA binding protein, belongs to a family of
transcription factors that allow for the production of many
proinflammatory molecules, NF-xB exerts its action by bind-
ing to a specific decameric DNA sequence motif in the
promoter regions of several genes. After hemorrhagic shock
WF-&B is involved in apoptosis and the inflammatory cas-
cade. NF-xB is a heterodimer consisting of 2 proteins, either
pi0 or p52 and p65 (comresponding to their molecular
weights). The subunit p30 is also known as nfkB1, p52 is
nfkB2, and p65 is Rel-A. They are sequesterad in the cyto-
plasm of nonstimulated cells, through noncovalent interac-
tions, with inhibitor proteins commonly referred (o as IkB.
Degradation of IkB via phosphorylation, ubiguitination, and
proteolysis results in the release of NF-xB dimers and un-
masking of a nuclear localization sequence. This results in the
nuclear translocation of NF-kB and the transcription of spe-
cific target genes (Fig, 2). Phosphorylation oecurs via several
kinases including the alpha and beta inhibitors of kappa light
polypeptide gpene enhancer in B-cells (IKKeo and TKK )55
A decrease in NF-xB activity is demonstrated by the inhibi-
tion of these kinases."™* Biochemical and genetic data sug-
gest that the TKK complex containg 2 catalytic subunits
(TKKae and IKKR) and a regulatory subunit (NEMOTEKEy).
[KK is the master regulator of NF-kB-mediated inflamma-
tion. MWF-kB can he activated by 2 pathwavs, Interestingly,
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only the TKKB subunit is essential for NF-xB activation in
response to proinflammatory stimuli.®® This signal-induced
phosphorylation targets [KK 3 for polvubiquitination and sub-
sequent degradation by the protessome releasing NF-xB that
consists of 2 subunits from a family of proteins, such as p63
{also called Rel-A) and p50. However, the NF-xB pathway is
complex and can be influenced at many steps. Activation of
MF-uB can occur in what appears to be multiple signaling
pathways. Serial activation of phosphatidylinositol 3 kinase
and protein kinase B (AKT) lead to activation of NF-«B.*
Another pathway of NF-xB activation, called the alternative
pathway, has been elucidated using tumor necrosis factor-
associated factors (TRAFs) and NF-xB kinase (NIK)." This
ogours pringipally in B cells in response to stimulation of
receptors for lymphotoxin @ and CD40 ligand among others.
Stimulation of these receptors activates the protein kinase,
NIK, which activates [KKa, NIK is a member of the MEKK
(mitogen-activated protein kinase/extracellular signal-regu-
lated kinase familv). IKKe then phosphorylates another
MF-xB family member, pliM. Phosphorylation of plid con-
verts pl00 to p52, The p32 subunit and s binding partner
RelB, like po5-p30, wanslocate into the nucleus to regulate
gene expression. The 2 NF-kB pathways, the classic and
alternative, can be activated by overlapping sets of stimuli
Blockade of WF-xB was undertaken by our laboratory
in previous studies related to septic shock.*'*? These studies
revealed that blockade of NF-xB abrogated the vasodilation
of arterioles exposed to endotoxin, NF-«B is a popular target
for blockade and multiple studies have been undertaken to
prove its role in reperfusion injury. Several clinical trials have
evaluated the blockade of MNF-xB end-products, such as
TMNF-e and IL-6, with limited results.”*' Although these
may be promising targets, it is our belief that due to the

FIGURE 2. MF-xB activation. hMulti-
ple cytokines can activate their re-
spective receptors such as IL-1,
TMF-ce, and growth factor, 5econd-
ary messengers TRAF-2, TRAF-6,
and ALT-K activate the kinase MIK,
MIK activates the IKK complex con-
sisting of IKK4, IKK3, and KKy the
regulatory subunit. IKK phosphory-
lates the MF-xB complex. This al-
lvws ubicuitination via E-3 ubiquiti-
nase. This phosphorylation and
ubigutination tags the MF-kB com-
plex to be taken up by a proteo-
some, where the inhibitor I-xB is
degraded. MF-«B moves into the
nucleus where it acts as a transcrip-
tion factor for cytokines.
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FIGURE 3. Apoptosis in reperfusion
injury. The secondary messenger
TRAF-2 associated with both the
inflammatory cascade and apopto-
sis, activates the proapoptotic pro-
tein c-jun Kinase via MAPKKK, This
in turn causes intrinsic apoptosis
wia the mitochondria activating
caspases § and 10, These in tum
are sent to the nucleus to fragment
DA for programmed cell death.

complex nature of NF-xB feedback and regulation, blocking
these products may be difficult. NF-xB has been the subject
of intense investigation for many years; however, its complex
role in the inflammatory cascade is far from clucidated and,
therefore, ensures continued research efforts on this topic.

APOPTOSIS AND REPERFUSION INJURY

Programmed cell death, or apoptosis, 18 3 natural and
|rmbml part of cellular growth and development. Apoptosis
is also a known protective reaction to multiple types of
cellular damage such as infection, inflammation, or cancer,
MF-xB is known to protect against apoplosis via transcription
of specific inhibitory proteins.”™"® There is some cvidence
that MF-xB is an integral part of apoptosis via cross talk with
known apoptotic genes of the mitogen activated protein kinase
(MAPK) family: c-Jun Kinase (JNK) and p38-MAPK." There
are 3 known isoforms of JNK: IJNKI1, INK2, and JNK3.™
Although p-38 MAPK is activated during ischemia, and stays
activated during reperfusion, JNEK proteins are activated only
with reperfusion. JNKs can be activated by TNF-o via a
secondary messenger system, which also activates NF-xB
(Fig. 3). Tissue culture studies suggest that TNE is involved in
fibroblast and neural cells apoptosis.™ '™ However, gene
knockout studies utilizing mice demonstrate that INK may be
involved in protection against apoptosis, confusing the is-
sue. """ The mechanism by which JNK is involved in apo-
ptosis remains unknown, Further research is underway o deter-
mine whether JNK initiates apoptosis or simply modulates it

Mitochondria, already involved in reperfusion injury as
discussed above, are central to apoptotic pathways as well.
Members of the B cell lymphoma-2 family activate the
mitochondrial apoptotic pathway after cleavage by JNE (Fig.
3). The mitochondrial permeability transition pore is acti-
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vated by interaction with proapoptotic factors such as BAX,
BAD, and eNOS, "™ '™ Activation of this protein allows for
egress of cytochrome ¢ and other proapoptotic proteins, '™
Apoptotic factors, released from the mitochondria, cause activa-
tion of the enzymes caspase 3 and caspase 9.'"'™ These
caspases are instrumental in DNA fragmentation and subsequent
cell death. Caspase inactivation is another method in which
NF-kB protects against apoptosis.”™'"™ Specifically, NF-xB ac-
tivation through the phosphatidylinositol 3 kinase-AKT pathway
leads to phosphorylation and inactivation of caspases 3 and 9.

CONCLUSIONS

Patients with hemorrhagic shock require optimal resus-
citation and cessation of ongoing hleeding. Often our resus-
citative measures, although necessary, cause a wide range of
detrimental physiologic effects, Research continues to answer
questions regarding measurable endpoints and optimal fluids
used in resuscitation. Elucidation and understanding of the
complex metabolic pathways involved in reperfusion injury
are areas of intense current investigative effort. It 15 unlikely
that a single treatment modality or “magic bullet™ will be able
to substantially block such a complex repulated process unless
performed before feedback mechanisms known to be in place.
Cwer the decades, there has been an exponential increase in our
knowledge base regarding molecular and cellular mechanisms
responsible for reperfusion injury, Cngoing translational re-
search will inevitably have a major impact on patient care.

REFERENCES

1. Guthrie Gl Ow Cunshot Wopwds of the Extremeties. London Laomng
man; 1#15

2. Keith MM, Blosd Folwme Changes in Weund Shock and Frimary
Hemorrhage. Repons of the Special [nvestigations Committee on
Surgical Shock and Allied Conditions. Vel 9. London; 1919,

O 2008 Lippincor Williams & Wilkins



Annals of Surgery = Volume 247, Number 6, June 2008

Repertusion Injury After Hemorrhage

20.

2l

2,

23,

24,

26.

7.

28,

29,

. Blalock A. Experimental shock, the cause of low blood pressure

produced by muscle injury. Arch Surg, 1930022959,

. Blalock A. Principles of Surgical Care, Shock, and Other Problems. St

Lowis: OV Moshy; 1940,

. Bickell WH. Are victims of injury sometimes victimized by attempts at

fluid resuscitation? Anm Emerg Med. 1993;22:225-226,

. Bickell WH, Shaftan GW, Maitox KL Intravenous fluid administration

and uncontrolled hemomhage. J Trauma, 198925405,

. Bickell WH, Wall M) Jr, Pepe PE, et al. Immediate versus delayved fluid

resuscitation for hypatensive patients with penetrating torso injuries.
N Engl J Med. 199433111051 109,

. Turner 1, Nicholl J, Webber L, et al. A randomised controlled trial of

prehospital intravenous fluid replacement therapy in serious trauma.
Health Tecknol Assess. 2000:4:1-57.

. Martin RR. Bickell WH, Pepe PE. et al. Prospective evaluation of

preoperative fluid resuscitation in hypotensive patients with penetrating
truncal injury: a preliminary report. J Trawma. 1992:33:354-361;
discussion 361-362.

. Revell M, Greaves 1, Porter K. Endpoints for fluid resuscitation in

hermorrhagic shock. J Trauma, 2003545 suppl):563-567.

. Dretzke J, Sandercock J, Bayliss 3, et al. Clinical effectiveness and

cost-effectiveness of prehospital intravenous fluids in trauma patients,
Health Technol Asvess, 2004;8:01, 1-103.

. Kowan I, Bunn F, Roberts I. Timing and volume of fluid administration for

patients with bleeding. Cochrome Deatsbaze Syxr Rev. 2003, 3:CDM2245.

. Bourguignon PR, Shackford SR, Shiffer C, et al. Delayed fluid resus-

citation of head injury and uncontrolled hemorrhagic shock. Arch Sarg.
199%8:133:390-398.

. American College of Surgeons. Advanced Trauma Life Support Pro-

gram for Physicions, insiructor Manual, Chicago: American College of
Surgeons; 1993,

. Robents |, Evans P, Bunn F, e1 al. Is the normalisation of blood pressure

in bleeding trauma patients harmful? Lamcer. 2001;357:385-387.

. [ries D). Hypotensive resuscitation. Shock, 1996:6:311-316,
. Silbergleit B. Satz W, McMamara RM, et al. Effect of permissive

hypotension in comtinuous uncontrolled intra-abdorminal hemorrhage,
Acad Emerg Med. 1996,3:922-926,

. Orwens TM, Watson WC, Prough DS, etal. Limiting initial resuscitation of

uncontrolled hemorrhage reduces internal bleeding and subsequent volume
requirernents. J Trouma, 109539200207, discussion 208 200,

. Capone AC, Safar P, Stezoski W, et al. Improved outcome with fluid

restriction in treatment of uncontrolled hemorrhagic shock. J Am Coll
Surg. 1995;180:49 -56,

Stern 5A, Dronen SC, Wang X. Multiple resuscitation regimens in a
near-fatal porcine aortic injury hemorthage model. dcad Emerg Med.
1995;2:89-97.

Durton RP, Mackenzie CF, Scalea TM. Hypotensive resuscitalion
during active hemorrhage: impact on in-hospital mortality. Jf Trauma.
2002, 52: 11401 146,

Dunham CM, Belzberg H, Lyles R, et al. The rapid infusion system: a
superior method for the resuscitation of hypovobemic trauma patients.
Resuscitation, 1991;21:207-127,

Miami Trauma Clinical Trials Group. Splanchnic hypoperfusion-di-
rected therapies in trauma: a prospective, randonzed toal. Am Surg.
2005;7 1252260,

Soller BR, Cingo N, Puyana JC, et al. Simultanecus measurement of
hepatic tissue pH, venous oxygen saturation and hemoglobin by near
infrared spectroscopy. Shock. 2000;15:106—-111.

. Caims CB, Moore FA, Haenel JB, et al. Evidence for early supply

independent mitochondrial dysfunction in patiems developing multiple
organ failure after trauma, Jf Trawma. 1997,42:532-536,

Teller 1, Wolf M, Keel M, et al. Can near infrared spectroscopy of the
liver moniter tissue oxygenation? Eur J Pediarr, 200051 59,549,
Crookes BA, Cohn 8M, Bloch 8, et al. Can near-infrared spectroscopy
wentify the severity of shock in traurma patients? J Trawms, 200558
806813 discussion #13-816.

Alderson P, Schierhout G, Roberts 1, et al. Colloids versus crystalloids
for fluid resuscitation in critically ill patients. Cochrane Database Syst
Rev. 2000;2:CDOMDSGT.

Yim JM, Vermeuben LC, Erstad BL, et al. Albumin and nonprotein

© 2008 Lippincott Williams & Wilking

30,

3L

3z

13,

35.

ELN

37

38

il

42.

43,

43,

47.

4K,

49,

50,

1.

52

53.

colloid solution use in US academic health centers, Arek Intern Mied.
1945;155:24 502455,

Bisonni RS, Holtgrave DR, Lawler F. et al. Colloids versus crystalloids
in fuid resuscitation: an analysis of randomized controlled irials. J Fam
Pract, 1991;32:387-3%0.

Velanovich V. Crystalloid versus colloid fluid resuscitation: a meta-
analysis of monality. Swrgery. 1989 105:65-T1.

Finfer 5, Bellomo R, Boyee M, et al. A comparison of albumin and
saling for fluid resuscitation in the intensive care unit. & Engl J Med,
2004:350:2247-2256.

Raoberts 1, Alderson P, Bunn F, et al. Colloids versus erystalloids for
fluid resuscitation in critically 1l patiemts. Cochrane Database Syss
Rev. 2004;4:CDODISET.

. Rhee P, Wang D, Ruff P, et al. Human newtrophil activation and

increased adhesion by various resuscitation fluids. Crit Care Med,
200N;28:T4-TH.

Savitsky JP, Doczi J, Black J, et al. A clinical safiety trial of stroma-free
hemoglobin, Clin Pharmacel Ther, 1978;23:73-80,

Carmichael FJ, Al AC, Campbell JA, et al, A phase | study of oxidized
raffinose cross-linked human hemoglobin. Crir Care Med, 2000;28:
22832292,

Sloan EP, Koenigsherg M, Gens [, et al. Diasparin cross-linked hemoglo-
bin (DCLHY) in the treatment of severs traamatic ic shock: a
randomized controlled efficacy trial. J4MA. 1999:282: 18571864,
Gould SA, Moore EE, Hoyt DB, et al. The first randomized trial of human
polymerized hemoglobin as a blood substitute 1n acute trauma and emer-
gent surgery. J Am Coll Surg. 1998:187:113-120; discussion F20-122.

. Giould 54, Moore EE, Hoyt DB, et al. The life-sustaining capacity of

human polymerized hemoglobin when red cells might be unavailable,
JAm Colf Sieeg. 2002 195:445- 452 discussion 432435,

. Masuno T, Moose E, Cheng A, et al. Pre-Hospital Hemoglobin Based

Oxygen Carmer (HBOC) Resuscitatton Reduces Post-Shock Oxygen
Debt and Prevents Acute Lung Injury in a Two-Event Model, Denver
Health UCHSC, 2005,

Curney J, Philbin N, Rice ), et al. A hemoglobin based oxygen carrier,
bovine polymenzed hemoglobim  (HBOC-200) versus Hetastarch
{HEX) in an uncontrolled liver injury hemorrhagic shock swine model
with delayved evacuation. J Trauma. 200457726738,

Gamner JL, Stennett AK, Murmay BRI The effect of trans sodium
crocetinate (TSC) in a rat oleie ackd model of acute ung injury. Puis
Pharmacol Ther, 2005;18:213-216.

Stennett AK, Gamer JL. TSC for hemorrhagic shock: effects on
cytokines and blood pressure. Shock. 2004;22:569 -574,

. Davies MG, Hagen PO, lschemin-Reperfision Injury. London: Black-

well Science; 1999,

Carden DL, Granger DM, Pathophysiology of ischaemia-reperfusion
imjury. J Paikod, 2000; 190:255-266.

. Giranger [ Physiology and pathophysiology of the microcirculation.

Prog Cardiovase Med, 1998;3:123- 140,

Witte 5. The endothelial lining as studied by a fluorescent labeling
technique in sing. Theomb Res Suppd. 1983;5:93-104.

Waisman [}, Brod ¥, Wolff R, et al. Effects of hyperoxia on local and
remote microcirculatory inflammatory response afier splanchnic isch-
emia and reperfusion. Am J Physiol Heari Circ Physiol. 2003:285:
H&43-Ha52,

Shigematsu T, Wolf RE, Granger DN, T-lymphocytes modulate the
microvascular and inflammatory responses to intestingl ischemia-reper-
fusion. Wicrocirculatton. 2002;9:90— 104,

Kurose [, Anderson [}, Miyazaka M, et al. Molecular determinants of
reperfuston-induced leukocyte adhesion and vascular protein leakage.
Cire Res. 1994;74:336-343.

Marlin 3D, Springer TA. Purified intercellular adhesion molecule-1
(ICAM-1) s a ligand for lymphocyte function-associated antigen |
(LFA-1). Cell. 1987;51:813-819.

Smith CW, Marlin 58D, Rothlein B, et al. Cooperative interactions of
LFA-1 and Mac-1 with intercellular adhesion molecule-1 in facilitating
adherence and transendothelial migration of human newtrophils in vitro.
J Clin Tvest. 1989832008 -2017.

Smith CW, Rothlein R, Hughes B, e1 al. Recognition of an endothelial
determinant for CD 18-dependent human ophil adherence and
transendothelial migration. J Clin Javesr, 1988;82:1746-1756.

935



Bushing and Britt

Annals of Surgery * Volume 247, Number 6, June 2008

54,

5.

A6

57

58,

59,

i,

al,

G,

[EEN

(3,

fify,

67,

GE,

G,

T0.

7L

S

73

Td,

75,

T,

77

Nathan C, Srimal 5, Farber C, et al. Cytokine-indusad respiratory burst
of human newtrophils: dependence on extrscellular matrix proteins and
CDNICDIE mtegrins, J Cell Biol, T989; 10913411349,

Rothlein B, Springer TA. The requirement for lymphocyte function-
associated antigen | in homotypic leukecyle adhesion stimuloted by
phorbol ester. S Exp Med, 1986;163:1132-1149

Wright 500, Rao PE, ¥an Voorhis W, ot al. Identification of the C3hi
recepter of human monoeytes and macrophages by using monoclonal
antibodies. Proc Mool deod Sei U085 A, 1983:80; 5699 -5703,

Rhea P, Morris J, Durham R, et al. Recombinant humanized monocla-
nal antibody against COIS (rhubMAb CDI8) in traumatic hemorrhagic
shock: results of a phase 11 clinical izl Traumatic Sheck Group.
J Trenner, 2000:4%:611-619; discussion 61%-620,

Harlan I3, Winn RK. Leukecyte-endothelial interactions: clinical inals of
anti-adhesion therapy. Crir Core Meo. 20023005 suppl 52145219,
Jobsis FF. Meainvasive, inframsd menitonng of cerchral and myocangial
axygen sufficsency and circulatory parameters. Sciece. 1977;198:1 2641267,
Fink MP, Cytopathic hypoxia. Mitechondral dysfunction as mecha-
nism contributing te organ dysfumction in sepsis, Orir Care Clin,
2000117219237

Chaudry 1H, Ohkawa M, Clemens MG, et al. Alterations m electron
transport and cellular metabolism with shock and trauma. Preg Clin
Hiod Res, 198311 1:67 -85,

Schulze-Osthoff K. Beyaert B, Vandevoorde V, et al. Depletion of the
mitochondrial electron transport abrogates the cyttoxie amd penein-
ductive effects of TNF, EME0 S, 19931 :30H5-3104,

Cairng CH, Shames WEB, Meng X, et al. Translocation of NFEB and
production of TMF-alpha during global cardiac ischemia are depen-
dent upon mitochondrial free radical production. Cirealarion. 1998,
QR{suppl 11749 -1-750,

. Meneshian A, Bulkley GB. The physiology of endothelal xanthine

oxidase: frem urate catabolism o reperfusion injury o mtlammatory
sigial transduction, Microcircsdation. 2002:9:161-175.

Berry CE, Hare M. Xanthine oxidoreductaze and cardiovascular dis-
cases molecular mechanisms and pathophysiclogical implications.
o Plosiol. 2004;355(P1 30589 - B,

Shigematsy 3, Ishida 5, Hara M, ¢t al. Resveratrol, a red wine
constituent polyphenol, prevents superoxide-dependent mfammatory
responses induced by ischermia‘reperfusion, platelet-activating factor,
or oxidants. Free Radic Siof Med, 2003;34:810-817.

Melson SK. Goe B, Bese 5, et al. A novel heparin-binding, hurmin
chimeric, superoside dismutase improves myocardial preservation and
predects from ischemia-reperfusion injury. JJ Hearr Lung Transplant.
2002211296 1303,

Flynn W Jr, Pilati [}, Hoover EL. Effect of allopurinol on venous
endothelial dysfunction after resuscitated hemorrhagic shock. dr
S Surg Favestig, 1999;1:11-18.

Pohl U, Busse R. Hypoxia stimulates release of endotheliom-gerived
relaxant factor. e J Plosiol. 198925606 Pt 2nH 1 595-H 1600,
lgnareg L), Cirino G, Casini A, et al. Nitric oxide as a signaling
molecule in the vascular svstem: an overview. J Cordigvase Pharmi-
cal. 1995:34:879 - BR4.

Moncada 5. Mitrie oxide i the vasculuure: physislogy and pathophys-
iology. Ann N ¥ Acad Sci, 199 T,811:60-67: discussion 6762
Murad F. Mitric oxide signaling: would you believe that a simple free
radical could be a second messenger, awtacowd, parscrine substance,
newrotransnsiiter, and hormone? fecens Prag Horm Res. 19985343
59 deseussion 5960,

Campbell M. Britt LI}, Endotoxin has an indirect vasodilatory effect on
isolated human skeletal muscle arterioles. Arch Surg. 2004;139:652-
654 discussion H55,

Wiol AW, Prewist RL. Doviak M, et al. Endotosin releases a substance
from the acrta that dilates an isolated arteriole by uperegulating INOS,
o Swrg Res. 2005 027:106-111,

Rengasamy A, lohns RA. Characterization of endothelium-derived
relaxing factor'nitric oxide synthase from bovine cerebellum and mech-
anism of modulation by high and low oxvgen tensions. J Pharmaca!
Exp Ther, 1997:250:310-316,

Vallet B, Endothelial cell dysfunction and abnommal tissse perfusion,
Crir Care Med. 2002303 suppl):S229-5234.

Spiccker M, Darius H, Kaboth K, et al. Differential regulation of

936

9.

8.

81

B4,

BA.

B

K.

HE.

89,

4

9

95,

4

LR

101,

endothelial cell adbesion molecule expression by nitric oxide donors
and antioxpdants, o Lewkor Biel. |998:63:732-T19,

. Spiccker M, Peng HE, Liso JE. Inbbation of enclotheliol vascular cefl adhe-

s rwecule-1 expression by nitric oxide mvolves the induction and auclear
trarslacation of kappaBalpha. 0 Biod Cleor. 199727230065 10974,

Khan BY, Harrison DG, Olbrech MT, ot al. Nitric oxide regulaces
vascular cell adhesion molecule | gene expression and redox-sensitive
transcrigtional events m human voscular endothelial cells, Proc Naif
Acad Scif U7 5 A 19969391 14-9119.

Lefer AM, Lefer [, The role of mitfic oxide and cell adhesion
medecules on the microcirculation in ischaemia-reperfusion. Cardio-
viee Res. ¥ 32743751

Atkins J, Handrigan M, Pamnani M, ¢t al. Early formation of nitrc
oxide adducts in hemorrhage hypotension. Presented at: 28th Annual
Conference on Shock; 2005; Marco |sland, FL.

. Bawachi 5, Cockrell A, Laroux F5, e al, Bole of inducible nitric oxide

synthaze in the regulation of VOAM-1 expression in gut inflammation,
Am S Phyvsiol, 1999: 2T P pGET2-G5T6,

. Cockrell A, Laroux F3, Jourd hewil D, et al. Role of inducible nitnc

oxide synthase in leukocyte extravasation in vive. Biechem Siaphys
Rew Commun, 1993257684 - 686,

Hierholzer C, Harbreche B, Menezes 1M, et al. Essential role of mduced
nmiteic oxade i the imitation of the inflammatory response after hem-
orrhogic shock. J Exp Med, 1998 1ET:917-928,

Delhase M, Karin M. The | kappa B kinase: a master regulator of
NF-kappa B, innate immunity. and epidermal differentiation. Cald
Spwing Hark Sy Qoo Biol, 1999 04,491 503,

Delhase M, Li &, Karin M. Kinase regulation in inflamumatery re-
spomse. Netewe, 2000:406:367-365.

MeDonald MO, Mota-Filipe H, Paul &, ot al. Calpain inhibiter |
reduces the activation of muclear factor-kappald and organ injury’
dysfienction in hemorrhagic shock, FASER 2 20011517 1-186.
Oging 5, Tsuruma K, Uchara T, et al. Herbimycin A abrogates nuclear
factor-kappaB activation by interacting preferentially with the lkappaB
kinase beta subunit. Mol Phormaecol. 2004:65:1 3441351,

Yang CH, Musti A, Pleffer SR, et al, Interferon alphabeta promates cell
survivial by setivating muclear factor kappa B through phesplatidy inositol
I-kimasc ard Akt o S Cheor. 2000276013756 13761,

L Palsson-MeDermott EM, O'Neill LA, Signal transduction by the lipo-

pelysaccharide receptor, twoll-like receptor-d, fommmalogy, 2004113
153-162.

Jeff Campsen P, Snyder JG. Prewin BL, et al. Endetoxin releases o
precursor 1 vasodilation from large veins in an NF-kappaB-gependent
manner. S Sy Res, 20041 16: 151155,

- Snvder JG, Prewin B, Campsen J, et al, PDTC and Mgl 22, inhibitors

of NF-kappaB, block endotoxin indueced vasodilation of isolaed
skeletal muscle arterioles. Shock, 2002:1 7304 -307.

Hartmann P, Franzen C, Rubbert A, et al. Blockade of TNF does no
alter oxygen burst and phagocyiosis of human newtrophils in patients
with rheurmatoid arthritis, Improtiofogy. 2005200660 - 679,
Derhaschnig U, Bergmair D, Marsik ©, et al. Effect of interlenkin-6
blockade on tisswe factor-nduced congulation in human endotoxemia.
Crit Care Med, 2004:32:1136-1140,

Baldwin A%, Contral of oncogenesis and cancer therapy resistance
by the transcription factor NF-kappaB. o it frvese, 2000 107241~
240,

- Barin M, Lin A, NF-kappaB af the crossroads of life and death. Ny

Tmmunol, 2002;3:221-227.

. Ding WX, Y XM, [hssection of the multiple mechanisms of THF-

ce-induced apopiosis in liver injury. & Cell Weol Med, 2008445 454,

. Lin A, Activation of the INK signaling pathway: breaking the brake on

apoplosis, Bioessars, 2003251 7-24.

Liu 1, Minemoto ¥, Lin A. c-Jun Maerminal protein kinase 1
(INEL), but not INK2, is essential for tumor necrosis factor alpha-
induced c-Jun kinase activation and apoplosiz, Mol Cell fial.
200424 10044 - 108516,

. Tournier C, Hess P, Yang DD, et al. Requirement of JNE for stress-

induced activation of the cytochrome c-mediated death pathway. Sei-
ence, 200 2RERT0-E7T4.
Yang DD, Kuan CY, Whitmarsh AL ¢t al. Absence of excitotoxicity-

£ 2008 Lippincoss Williams & Wilkins



Annais of Surgery * Volume 247, Number 6, June 2008

Reperfusion Injury After Hemarrhoge

inducesd apoptasis in the hippocampus of mice lacking the Jnk3 gene,
Nafarre, 1997308865870,

105,

Crompton M, Vigji 5. Doyle V. et al, The mitochondrial permeahility
transition pore. Bigefem Soc Svp, 1999:66: 167-179.

WZ, kuan CY, Yang DD, Samanta Roy DR, et al. The Ink] and Ink2 106, Mayo L, Daeaner [3, A phosphatidylinositol 3-kinase/Akt pathway
prafein kinases are required for regional specific apoptosis during carly promedes franslocation of Mdm2 from the evtoplasm 1o the nucleus.,
brain development, Newron, 19922667676, Froc Natl Acad Sci U5 4. 2001:98:11598 -1 1603,

103, Sabapathy K, Jochum W, Hochedlinger K, et al. Defective neursl tube 107, D, Fang M, Li Y, et al. Smac, a mitechondrial profein that promotes
momphogenesis and altered apoptosis in the absence of both JMK1 and evtochrome c-dependent caspase activation by eliminating TAP inhibi-
INEZ, Meck Dev, 1999891 15-124. tion. Cefll 2000, 102:33-42,

114, Tsuruta F, Masuyama M, Gotoh . The phosphatidylinositol 3-kinase 108. Li 8, Zhan ¥, He X, et al. Relief of extrinsic pathway inhibition by the

(PI2K-AKD pathway suppresses Bax translocation to mitochondria.
S Biol, Cherre. 20002,277; 140400 -1 4047,

Bid-dependent mitochondrial release of Smac in Fas-mediated bepato-
cybe apoptosis, J Biol Chem., 2002;277:36912-264920.

Reprinted with permission from Annals of Surgery 2008: 247(6):929-37. Rushing GD, Britt LD. Reperfusiclm jnjury
after hemorrhage: a collective review. Copyright © 2008 Wolters Kluwer Health, Lippincott Williams & Wilkins,
hitpeSwww. lana.comy

2008 Lippincon Williams & Wilking

Meamairtmmme 1 e e b VAT o e B VAL B oA

937





