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Background. Paraplegia remains a devastating complica-
ion of thoracic aortic surgery, which has been attenuated
y retrograde adenosine and systemic adenosine A2A recep-

or activation. We hypothesized that despite retrograde
pinal perfusion of an adenosine A2A agonist (ATL-146e),
ystemic therapy produces superior spinal cord protection
ith reduced inflammation.
Methods. Forty pigs underwent 30-minute thoracic aortic

ross-clamping. Pigs received: no therapy (control); retro-
rade saline (retrograde control); retrograde ATL-146e; sys-
emic ATL-146e; systemic ATL-146e with retrograde saline;
r systemic and retrograde ATL-146e. Retrograde therapies
ere given during ischemia. Systemic ATL-146e (0.06
g · kg�1 · min�1) was given intravenously for 3 hours at

eperfusion. At 24 hours, motor function was assessed
sing the Tarlov scale. Tissue was analyzed for neuronal
iability, microtubule-associated protein-2 expression, and
eutrophil sequestration (myeloperoxidase activity).
Results. Four pigs received retrograde barium showing
oth radiographic and histologic spinal cord perfusion.
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ystem, Department of Surgery, PO Box 801359, MR4 Bldg, Room 3116,
harlottesville, VA 22908; e-mail: tbr5q@virginia.edu.
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arlov scores at 24 hours were significantly improved
ersus both control groups in all ATL groups except the
ombined ATL-146e group (all p < 0.05). Neuronal viability
y hematoxylin and eosin stain was significantly preserved

n systemic ATL groups compared with both control groups
all p < 0.05). Microtubule-associated protein-2 expression
as significantly preserved compared with both control

roups in all systemic ATL groups. Systemic ATL signifi-
antly lowered myeloperoxidase activity versus both con-
rol groups (p < 0.01).

Conclusions. Both retrograde and systemic ATL-146e
herapies attenuate ischemic spinal cord injury, but com-
ining the two routes was less effective. Given comparable
esults between the two routes and the simplicity of sys-
emic delivery, peripheral venous ATL-146e at reperfusion
hould be preferred for spinal cord protection in thoracic
ortic surgery.

(Ann Thorac Surg 2006;81:902–9)

© 2006 by The Society of Thoracic Surgeons
espite the emergence of perioperative protective
strategies, paraplegia after thoracoabdominal aor-

ic intervention still occurs in 1.5% to 16% of cases [1–5].
plethora of substances have been shown to attenuate

schemic spinal cord injury, but pharmacologic protec-
ion has not produced results sufficient to warrant wide-
pread use in these cases [4, 6–9]. Adenosine A2A recep-
or activation may change this trend in the future as an
djunct to further prevent spinal cord injuries in combi-
ation with current strategies.
Previous studies have demonstrated that adenosine

dministered in a retrograde fashion during ischemia
reserved spinal cord function after reperfusion of an

schemic insult [10 –12]. However, adenosine use re-

ccepted for publication Sept 9, 2005.

ddress correspondence to Dr Reece, University of Virginia Health
uires regional hypothermic delivery secondary to
ystemic cardiovascular effects and to rapid metabo-
ism at normal body temperature. These obstacles have
imited the implementation of adenosine in patients.

ore recently, specific adenosine receptors have been
lucidated. One of these specific receptors may be
esponsible for the protective actions of adenosine
fter reperfusion of an ischemic insult [13]. Activation
f the adenosine A2A receptor, using the substance
TL-146e, at reperfusion has been shown to reduce

schemia-reperfusion injury in the heart, lung, and
idney [14 –16]. The substance ATL-146e has also been
europrotective in the rabbit models of both spinal

Doctors Kron and Linden disclose that they have a
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LLC.

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.09.023



c
m
t
s
t
s

1
g
d
t
p
N
t
T
f
a
r
c
p
c
b
c

M

A
C
A
“
d
s
C

o
p
s
d
s
o
r
c

P
D
t
w
i
r
I
t
m
l
w
p
m
h
b
p
e

t
e
i
l
c
t
s
t

d
m
n
l
o
c
p

a
(
f
s
l
g
i
A
0
b
e
n
A
a
n
A
r
s
i

H
A
u
s
1

S
T

T
S

903Ann Thorac Surg REECE ET AL
2006;81:902–9 ATTENUATING SPINAL CORD INJURY

C
A

R
D

IO
V

A
SC

U
LA

R

ord trauma and spinal cord ischemia in terms of
otor function, neuronal apoptosis, and systemic cy-

okine response to injury [17–19]. These earlier studies
uggest that ATL-146e is efficacious when given sys-
emically, but regional delivery, similar to the adeno-
ine studies, has not been tested.

This study aimed to compare delivery routes of ATL-
46e: regional retrograde delivery through the hemiazy-
ous vein during the ischemic period versus systemic
elivery through peripheral veins at reperfusion. Ini-

ially, the ability of regional route to deliver the com-
ound to the spinal cord vasculature was determined.
ext, the study compared retrograde delivery with sys-

emic delivery of ATL-146e for spinal cord protection.
he routes of delivery were compared using outcomes of

unction, of neuronal cytoarchitecture and, finally, with
n inflammatory marker. We hypothesized that although
etrograde drug delivery does reach the spinal microvas-
ulature, systemic ATL-146e given at reperfusion will
reserve spinal cord function, preserve neuronal cytoar-
hitecture, and decrease neutrophil sequestration
etter than retrograde therapies in thoracic aortic
ross-clamping.

aterial and Methods

ll protocols were reviewed and approved by the Animal
are and Use Committee of the University of Virginia.
ll animals received humane care in compliance with the

Guide for the Care and Use of Laboratory Animals,” as
escribed by the Institute of Laboratory Animal Re-
ources, Commission on Life Sciences, National Research
ouncil (Washington: National Academy Press, 1996).
Initially, four pigs (30 to 35 kg) were utilized to dem-

nstrate retrograde delivery of fluid to the spinal cord
arenchyma. Then 36 pigs (30 to 35 kg) were utilized in a
wine model of spinal cord ischemia. They were ran-
omly divided into six groups defined in the procedure
ection. They all underwent 30 minutes of thoracic aortic
cclusion All animals were survived for 24 hours of
eperfusion, when final functional assessment was
ompleted.

rocedures
omestic pigs were anesthetized using intramuscular

elazol (4 to 6 mg/kg) and xylazine (1 mg/kg). The pigs
ere then intubated and placed in a right lateral decub-

tus position. A volume ventilator was connected with a
espiratory rate of 14 and a tidal volume of 250 mL.
nhaled anesthesia was maintained with vaporized halo-
hane titrated to effect. Hemodynamic parameters were

onitored through ear arterial line. Ear veins were uti-
ized for peripheral venous access. Maintenance fluids
ere normal saline given at a rate of 100 mL/h during the
rocedure and the recovery period. Temperatures were
onitored with a rectal probe and maintained with a

eating pad. All fluids were warmed in a circulating bath
efore delivery at 36°C. Heart rate and mean arterial
ressure were monitored during the ischemic and recov-

ry periods. a
The procedure was preformed through a left lateral
horacotomy. The left lung was retracted anteriorly to
xpose the accessory hemiazygous vein and the descend-
ng aorta. The accessory hemiazygous vein was cannu-
ated, ligated, and transected for access to the retrograde
onduit. The descending aorta was isolated circumferen-
ially. After systemic heparinization (100 u/kg heparin
ulfate) cross-clamp was placed across the aorta distal to
he takeoff of the left subclavian artery.

Four pigs underwent the procedure with retrograde
elivery of barium sulfate at a rate of 500 mL/h for 15
inutes under fluoroscopy. These animals were eutha-

ized with an overdose of pentobarbital before excision
umbar spinal cord sections, which were taken for histol-
gy. The sections were observed using dark-field micros-
opy to demonstrate penetration of the contrast into the
arenchymal vessels.
All other groups (each n � 6) survived for 24 hours

fter reperfusion. Ischemia-reperfusion control animals
IR) underwent 30 minutes of aortic occlusion without
urther therapy. Retrograde therapies through the acces-
ory hemiazygous vein included retrograde normal sa-
ine (rNS) at a rate of 500 mL/h during ischemia, retro-
rade ATL-146e (rATL) at a rate of 0.06 �g · kg�1 · min�1

n normal saline at 500 cc/h during ischemia. Systemic
TL-146e animals (sATL) received ATL-146e at a rate of

.06 �g · kg�1 · min�1 for 3 hours starting 10 minutes
efore reperfusion. Two additional groups were used to
valuate combination treatments including retrograde
ormal saline during ischemia at 500 mL/h with systemic
TL-146e (rNSsATL) at a rate of 0.06 �g · kg�1 · min�1

nd both retrograde ATL-146e 0.06 �g · kg�1 · min�1 in
ormal saline at 500 cc/h duing ischemia and systemic
TL-146e at 0.06 �g · kg�1 · min�1 over the first 3 hours of

eperfusion (rsATL). The dose of ATL-146e given in this
tudy had been previously established as optimal for
schemic spinal cord protection [18].

ind Limb Motor Function
masked observer graded hind limb motor function

sing the Tarlov scale. The Tarlov scoring system is
ummarized in Table 1. Functional scores were taken at
2 hours and 24 hours after reperfusion.

pinal Cord Tissue
wenty-four hours after reperfusion, the pigs were again

able 1. Hind Limb Motor Function: Definitions of Tarlov
cores

Tarlov Score Best Hind Limb Motor Function

0 No hind limb movement
1 Moves hind limbs
2 Sits with assistance
3 Sits alone
4 Unsteady gait
5 Normal gait
nesthetized. An intravenous catheter was placed to give
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he euthanasia solution. The left chest was reopened. The
escending aorta was excised several centimeters above
nd below the takeoff of subclavian artery. The aortic
ample was examined to verify that the cross-clamp
ccluded the highest lumbar artery. Any animal with
vidence of clamp placement below the highest lumbar
as excluded from the study no matter their functional

esults. From a prone position, the back was incised and
ilateral laminectomies were preformed. The lumbar
pinal cord was extracted with a 1-cm section fixed in
ormalin for histology and a 1-cm section flash frozen for

olecular studies.

istology
fter harvest, lumbar sections of the spinal cords were
rocessed with 10% zinc formalin fixation and routine
araffin embedding. Spinal cord sections were stained
ith hematoxylin and eosin. Masked observers graded

andomly coded sections from all of the groups. Neuron
iability was assessed by maintenance of the nuclear and
ytological architecture in addition to axonal degenera-
ion. The cells were considered viable if they had a stable
ucleolus, there was minimal retraction from the sur-
ounding tissue, and there was no evidence of axonal
egeneration. Four sections from each animal were
raded by the number of viable neurons in a high-
owered field.

icrotubule-Associated Protein-2
mmunohistochemistry
mbedded sections in paraffin were cut transversely with
microtome. Ten-micrometer sections were mounted on

lides and deparaffinized in xylenes and progressive
lcohol rinses. Microtubule-associated protein-2
MAP-2) immunoreactivity was performed according to
he previously described protocol using a murine MAP-2
ntibody [20]. Reacted sections were mounted, dehy-
rated, and coverslipped for bright-field light micro-
copic examination.

The percentage of grey matter stained positively for
AP-2 within injured spinal cord was quantified and

tatistically compared among treatment groups and

ig 1. Venograms of the (A) anterior-pos-
erior and (B) lateral views of the chest.
oth show contrast injected into the ac-
essory hemiazygous vein, which in turn
lled the paravertebral and the epidural
eins. The arrows point out the epidural
eins.
ontrol animals. Four semiserial spinal cord sections o
rom each animal reacted for MAP-2 were examined
ith a microscope interfaced with a CCD digital cam-

ra and computer image analysis system (VisionGauge
mage Analysis Software; VISIONx, Pointe Claire,
uebec). Images of spinal cord sections were captured

nd digitized. Grey matter was outlined in the Vision
auge system, and background staining thresholds
ere calculated in adjacent white matter tissue for

ach section. Percentage of grey matter tissue staining
ositively above background thresholds were then
alculated by the VisionGauge software. Mean per-
entage of MAP-2 staining was calculated for each
nimal.

eutrophil Sequestration
eutrophil sequestration in the spinal cord was quanti-
ed using a myeloperoxidase assay (MPO). The MPO
ssay was performed according to the previously pub-
ished protocol [21]. Absorbance at 460 nm was measured
fter 2 minutes by spectrophotometry (MRX Revelation
late Reader; Dynex Technologies, Chantilly, Virginia).
rotein concentrations were determined in each sample
sing the Coomassie Plus Protein Assay (BioRad, Her-
ules, California). Myeloperoxidase activity was then
xpressed as a change in absorbance per milligram of
rotein per minute.

tatistics
he statistics were analyzed by our statistician using
nalysis of variance with Bonferroni multiple comparison
ests to determine significant differences. A nonparamet-
ic analysis provided the same conclusions as the analy-
is of variance.

esults

luoroscopy/Dark-Field Microscopy
valuation of fluoroscopic images of all four animals
eceiving retrograde barium demonstrated filling of the
pidural veins (Fig 1). Dark-field and light microscopy
urther showed barium in the parenchymal blood vessels

f the spinal cord in all four pigs as well (Fig 2).
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emodynamics
he heart rates and mean arterial pressures were similar
mong all the groups during both the ischemic and
ecovery periods.

ind Limb Function
unctional assessments at 12 and 24 hours were deter-
ined. The results are depicted in Figure 3. Mean Tarlov

cores recorded at 12 hours in all four groups who
eceived ATL through retrograde or systemic delivery
ad better function than IR or retrograde normal saline

all p � .001). At 24 hours, all ATL groups except rsATL

ig 3. Comparison of neurologic function 12 hours and 24 hours
fter spinal cord ischemia-reperfusion. At 12 hours, function is sig-
ificantly better in all groups receiving adenosine A2A agonist (ATL-
46e) compared with control group. At 24 hours, function is signifi-
antly better in all groups receiving ATL-146e except the group who
eceived both systemic (s) and retrograde (r) ATL. Data are ex-
ressed as mean Tarlov score � SE. *p � 0.001 compared with con-
rol and retrograde normal saline (NS) group. **p � 0.001 compared
ith control, rNS, and rsATL groups. (Control � open bar; rATL �
ertical striped bar; rNS � right-hatched bar; rNSsATL � horizon-

al striped bar; rsATL � left-hatched bar; sATL � solid bar.) b
ad significantly preserved function compared with both
R and retrograde normal saline (p � 0.001).

euronal Cytoarchitecture
euronal viability was counted as the number of viable
eurons per high-powered field (Fig 4). Systemic ATL-
46e with and without retrograde normal saline were
ignificantly better than ischemia only and retrograde
lus systemic ATL (all p � 0.05). Expression of MAP-2
as significantly preserved in all the groups receiving

ystemic ATL were significantly better than the groups
ho did not (p � 0.01, Figs 5 and 6).

Fig 2. (A) Dark-field and (B) light mi-
croscopy of hematoxylin and eosin stained
spinal cord sections demonstrating the
filling of spinal cord parenchymal vascu-
lature with barium sulfate. The white ar-
eas in the dark-field slide represent the
contrast within the vessels in the tissue.

ig 4. Neuronal viability expressed as number of neurons per high-
owered field. Systemic (s) adenosine A2A agonist (ATL) with and
ithout retrograde (r) normal saline (NS) preserved neuronal integ-

ity significantly better than control and the group receiving sys-
emic and retrograde normal saline. Data are expressed as mean �
E. *p � 0.05 compared with control and rsATL. (Control � open
ar; rATL � vertical striped bar; rNS � right-hatched bar; rNSsATL

horizontal striped bar; rsATL � left-hatched bar; sATL � solid

ar.)
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yeloperoxidase Assay
esults for the MPO assay (�OD · mg�1 · min�1) are
hown in Figure 7. The values were significantly less in
ll groups receiving systemic ATL-146e compared with
R (all p � 0.01). This included sATL, rNSsATL, and
sATL. Retrograde ATL or normal saline alone had no
ignificant effect on neutrophil sequestration when com-
ared with IR as demonstrated by MPO activity.

omment

emporary occlusion of the thoracic aorta can carry a
ignificant risk of paraplegia, especially in prolonged
rocedures. Protective strategies have included selective
ascular perfusion, lumbar cerebrospinal fluid drainage,
eft heart bypass, and regional cooling [1–5]. Although
hese techniques may reduce rates of paraplegia, some
isk of spinal cord injury remains after these procedures.
harmacologic intervention has failed to date to show
esults that were sufficiently promising to be applied to
atient care in this setting. Despite the failure of previous
harmacologic intervention, we believe that adenosine
2A receptor activation has the potential to serve as a
rotective adjunct to the current protective strategies for
t-risk vascular procedures.
Prior studies using the swine model utilized in this

tudy have demonstrated that retrograde hypothermic
denosine prevented or lessened spinal cord ischemia-
eperfusion injury caused by aortic cross-clamping [11,
2]. Two separate mechanisms were concluded to impact

ig 5. Microtubule-associated protein-2 (MAP-2) expressed as per-
ent gray matter staining per section. All groups receiving systemic
denosine A2A agonist (ATL) therapies preserved MAP-2 staining
ignificantly better than those not receiving systemic ATL. Data are
xpressed as mean percentage expression of MAP-2 � SE. *p � 0.01
ompared with control, rNS, and rATL. †p � 0.01 compared with
ontrol and rNS, and p � 0.03 versus rATL and rNSsATL. (NS �
ormal saline; r � retrograde; s � systemic; control � open bar;
ATL � vertical striped bar; rNS � right-hatched bar; rNSsATL �
orizontal striped bar; rsATL � left-hatched bar; sATL � solid bar.)
he local protection of spinal cord function. Cooling of the t
pinal cord alone produced a significant effect that was
urther attenuated by the addition of adenosine. Despite
ositive results of neuroprotection with retrograde aden-
sine, the proponents of adenosine, including the au-
hors of these studies, do not utilize this substance in
heir patients. Adenosine’s limitations include argu-

ents that hypothermic delivery could lead to coagu-
opathy and that additional procedures were required to
eliver the fluid regionally to avoid the systemic degra-
ation of the drug.
Furthermore, retrograde delivery has instigated some

ontroversy over the local effects of various therapies
22]. Although the regional delivery of the adenosine was
upported by the filling of the epidural veins, there was
o direct evidence of delivery to the spinal cord vascu-

ature. Venous stasis from aortic cross-clamping should
ncrease retrograde perfusion of the spinal cord. The
urrent study was able to show that retrograde venous
elivery would fill both the epidural veins and that this
ould penetrate the parenchymal vessels. Although

hese findings imply that the retrograde route does reach
he spinal cord parenchyma, the barium is large to
xtravasate into the spinal parenchyma. Despite the lack
f extravasation into the tissue, this is evidence for the

ocal vascular delivery of therapies to the spinal cord
hrough the accessory hemiazygous vein.

More recent adenosine study has focused on the acti-
ation of the adenosine A2A receptor subtype being
esponsible for the protective effects of adenosine in
schemia-reperfusion injury. Using the adenosine A2A

eceptor agonist ATL-146e, we have previously presented
mproved outcomes after rabbit spinal cord ischemia-
eperfusion. Function was improved, while neuronal cy-
oarchitecture was preserved in rabbits receiving the
rug compared with ischemic controls [23]. The results in

his initial study were accomplished without the systemic
ide effects of adenosine, specifically, without hypoten-
ion or bradycardia. The current study corroborates this
nding without evidence of differences in hemodynamics
mong groups. The current study intended to show that
rotection from ischemia-reperfusion injury in the spinal
ord was superior with systemic therapy compared with
etrograde therapy delivered during the ischemic period.

e found that systemic therapy at reperfusion produced
ignificant preservation of functional outcomes com-
ared with ischemic controls. Retrograde ATL therapies
lso significantly improved function compared with con-
rols. No significant differences could be directly identi-
ed among the ATL groups, but systemic delivery re-
uired nothing more than peripheral venous access. For

his reason, we believe that systemic delivery at reperfu-
ion should be preferred over retrograde delivery during
schemia.

The animals receiving ATL-146e by combined routes
unctionally deteriorated significantly; and they had sig-
ificantly lower neuronal viability than the other two
roups who received systemic ATL-146e. This group was
lso the only group in the study that showed a functional
ecline over the observation period. The significance of
hese findings is not known at this time, but requires
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urther study. The possibility remains that the protective
echanism of adenosine A2A receptor activation differs

epending on the time of delivery. Adenosine may play a
ole in ischemic preconditioning effects, which may be
esponsible for the attenuation of the injury when given
uring the ischemic period. Further adenosine A2A acti-
ation during reperfusion after being given during isch-
mia may actually exacerbate the injury.
Overall, the functional outcomes after 24 hours of

eperfusion appeared to mirror neuronal viability histol-
gy in the systemic ATL therapies. Neither retrograde
TL group followed this trend. Similar tendencies are

ound between the MAP-2 and functional preservation.
he lack of protection of retrograde ATL further supports

he notion of divergent, even competing, mechanisms
nvolved with the different timing of ATL delivery. Fi-
ally, aside from the combined ATL therapy group, the
euronal viability and MAP-2 appear to demonstrate
imilar results.

Our laboratory has long speculated that inflammation
lays a major role in several organ types of ischemia-
eperfusion injury. As shown in studies of lung ischemia
eperfusion, spinal cord MPO in this study was signifi-

ig 6. Microtubule-associated protein-2 (MAP-2) expressed as percen
ine A2A agonist (ATL) therapies preserved MAP-2 staining significan
ression of MAP-2 is depicted for each of the groups, with the darker
aline; r � retrograde; s � systemic.)
t gray matter staining per section. All groups receiving systemic adeno-
tly better than those not receiving systemic ATL. (A–F) The relative ex-
staining indicating the presence of more of the protein. (NS � normal
antly lower than IR in all therapies that received sys- h
ig 7. Myeloperoxidase assay results 24 hours after spinal cord
schemia reperfusion. Myeloperoxidase is expressed as mean change
n absorbance per milligram per minute � SE. The groups receiving
ystemic ATL-146e had significantly less neutrophil sequestration
han control.*p � 0.01 compared with control, rNS, and rATL. (NS

normal saline; r � retrograde; s � systemic; control � open bar;
ATL � vertical striped bar; rNS � right-hatched bar; rNSsATL �

orizontal striped bar; rsATL � left-hatched bar; sATL � solid bar.)
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emic ATL [14]. Retrograde ATL and retrograde NS alone
oth had trends toward lower MPO, but may have
epresented a mechanism of vascular washout of isch-
mic mediators rather than inflammatory inhibition. In
his study, reduced neutrophil sequestration again mir-
ored functional outcome in all groups except for the
ombined ATL group. This group worsened as a whole
fter 24 hours despite lower MPO levels. Again, the mode
f attenuation of injury in this group appears to diverge
rom that of the other groups.

The results of this study imply that the protective
roperties of ATL-146e are not entirely attributable to the
nti-inflammatory properties of the drug and that aden-
sine A2A receptor activation may activate other mecha-
ism in response to injury. Other studies have shown

hat inflammatory inhibition alone using glucocorticoids
ttenuated some of the ischemic spinal cord injury, but
id not completely prevent it [24]. Therefore, we propose

hat the protective effects of ATL-146e are multifactoral,
ot limited to reduction in inflammation. A very likely
ivergent mechanism of ATL neuroprotection may be
ascular dilatation. Protective vasodilatation would be
onsistent with studies that have used papaverine to
revent vasoconstriction in hypothermic protective strat-
gies [25]. Assuming a multifactoral mechanism of pro-
ection, we suspect that inflammatory inhibition still
lays a significant role in protection against spinal cord

schemia-reperfusion injury. We plan to continue to
etter define role of inflammation in this process by
valuating cytokines in the cerebrospinal fluid and tissue
nflammatory markers in future studies.

We acknowledge that this study has limitations. First,
he reperfusion period of 24 hours is short. But this study
nd previous examples have shown that significant in-
ury can be both documented and attenuated within this
ime period. Next, a longer reperfusion period may have
een very helpful in further defining the declining course
f the combined retrograde and systemic ATL group and
or discerning differences among the treatment groups.
he detrimental outcome in the combined therapy group
ay be helpful for future studies of longer-acting aden-

sine A2A receptor agonists in terms of optimal timing of
elivery. Finally, the measure of inflammation in this
tudy is crude. The MPO reduction does not prove our
ypothesis of an anti-inflammatory mechanism of ATL-
46e, but remains a finding that supports this hypothesis.
s stated earlier, future studies are intended to expand
pon this finding.
In conclusion, retrograde therapy through the hemi-

zygous vein can deliver local therapy to the spinal cord
icrovasculature. Furthermore, retrograde delivery may

reserve early spinal cord function, but does not lead to
ignificant preservation of cytoarchitecture or reduction
n neutrophil sequestration. However, this study demon-
trates that systemic therapy alone with the selective
denosine A2A agonist ATL-146e preserves spinal cord
orm and function, presumably by impaired recruitment
f systemic inflammatory cells into the injured tissue.
lthough significant direct differences between retro-

rade and systemic delivery of ATL-146e are not found in
his study, we conclude that systemic therapy adenosine
2A at reperfusion receptor activation should be the
referred mode of delivery because it requires less inter-
ention, it better preserves cytoarchitecture compared
ith control, and it better limits neutrophil sequestration

ompared with control. The use of systemic ATL-146e at
eperfusion may play a significant role in the prevention
f neurologic deficits after surgery of the thoracic aorta in
he future.
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O1 NF03949G. We also appreciate Dr Jayson Reiger of Aden-
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NVITED COMMENTARY
ower limb neurologic deficits are a devastating compli-
ation of thoracoabdominal aortic aneurysm (TAAA)
epair, and result from a prolonged or permanent inter-
uption of blood supply to the spinal cord. Protective
easures try to preserve spinal cord perfusion (ie, cere-

rospinal fluid drainage, reattachment of intercostals
rteries, distal aortic perfusion, and maintaining ade-
uate proximal and distal pressures, in combination with
onitoring spinal cord function with motor evoked po-

entials. However, if a period of spinal cord ischemia can
ot be avoided, it would be advantageous if adjuncts
ere available that enhance neuronal tolerance and

mprove neuronal survival after a temporary interruption
f blood supply. If blood flow to the spinal cord can not
e restored during the procedure, protective measures
perate in the small watershed area of the infarction and
re probably of small significance in the spinal cord.
The neuroprotective effect of permissive or induced
ild hypothermia is well established in the experimental

etting, but may be complicated by a deterioration of
emostasis, cardiac arrhythmias, and postoperative in-

ections in the clinical situation.
The role of pharmacologic interventions during TAAA

urgery has to be established. At best the tolerable
uration of temporary spinal cord ischemia can be in-
reased. The article by Reece and associates [1] clearly
escribes that the systemic route of administration of the
denosine A2A agonist ATL-146e improved functional
nd immunohistochemical outcomes in a porcine model
f temporary spinal cord ischemia. The search for the
olden pharmacologic neuroprotective bullet extends
everal decades. The majority of putative neuroprotec-
ive agents are hampered for clinical use by serious side
ffects. Moreover, in clinical stroke, apparently promising
europrotective pharmacologic agents were not effective

n large clinical studies, although experimental results
howed significant improved outcomes. The lack of ef-
ectiveness is probably due partly to differences in be-
lso be attributed to flaws in the preclinical studies.
ndeed systematic review of experimental studies in
troke revealed serious flaws in the methodology and did
ot show convincing evidence to substantiate the deci-
ion to perform clinical trials. Consequently, guidelines
ere suggested for animal studies in stroke that should
e adapted prior to starting a clinical study of a potential
europrotective agent. If adjusted for TAAA surgery and
xperimental spinal cord ischemia a modified version of
hese guidelines may be of use in experimental spinal
ord ischemia:

. Blinded drug administration and blinded outcome
evaluation, which are essential precautions against
bias in clinical trials should be valued equally in
animal studies.

. Monitoring physiologic parameters.

. Group size based on a-priori power calculations.

. Assessment of both histopathologic and functional
outcomes.

. Outcome assessment in the acute phase (up to 6
days) and in the chronic phase (up to 30 days).

hese recommendations may be of use in order to avoid
veroptimistic expectations of proposed neuroprotective
gents in the clinical application during TAAA surgery.
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