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ABSTRACT: Background: As in the brain, recent evidence has suggested a defect in the microcircu­
lation during the reperfusion period after spinal cord ischemia. This investigation was undertaken in 
order to delineate blood flow dynamics in the postischemic spinal cord of the rat. Methods: Male 
Sprague-Dawley rats underwent cross-clamping of the aorta and subclavian arteries (XC) for 11 min­
utes. Spinal cord blood flow (SCBF) was measured by autoradiography in the gray and white matter of 
cervical (Ce), thoracic (Th) and lumbar (Lu) regions during XC, 1 h, 6 h and 24 h (XC n = 8, 1 h n = 9, 
6 h n = 9, and 24 h n = 11, groups) after XC. Control groups underwent surgical manipulations and 
SCBF measurement but no XC (Sham 1, n = 8), or clamping of the subclavian arteries only (Sham 2, 
n = 8). Results: In Ce cord, there was no difference between SCBF of 1 h, 6 h, 24 h and Sham 1. In Th 
cord, SCBF was reduced during XC (P < 0.003 vs. Sham 2), 1 h, 6 h (P < 0.04 and P < 0.01 vs. Sham 
1). In Lu cord, SCBF was not detectable in XC, and depressed in 1 h (P < 0.003) and 6 h (P < 0.003). 
There was no difference between 24 h and Sham 1 in Ce, Th, and Lu cords. Conclusions: The study 
demonstrated a period of delayed postischemic hypoperfusion in the white and gray matter of Th and 
Lu cord segments lasting 6 h after XC. The phenomenon may play an important role in the ultimate 
fate of neural elements with borderline viability after ischemic injury. 

RESUME: Hypoperfusion experimental retardee suite a une ischemic de la moelle epiniere par clampage de 
l'aorte. Introduction: Des observations recentes suggerent qu'il existe un defaut dans la microcirculation pendant 
la periode de reperfusion apres une ischemie de la moelle epiniere comme c'est le cas dans le cerveau. Le but de 
cette dtude etait de definir la dynamique du flot sanguin dans la moelle dpiniere de rat en periode post-isch£mique. 
Methodes: Des rats males Sprague-Dawley ont subi un clampage total de l'aorte et des arteres sous-clavieres (CA) 
pendant 11 minutes. Nous avons mesure par autoradiographie le flot sanguin de la moelle epiniere (FSME) dans la 
substance grise et la substance blanche des regions cervicale (Ce), thoracique (Th) et lombaire (Lo) pendant le CA, 
1 h, 6 h, et 24 h apres le clampage (groupes CA n = 8, 1 h n = 9, 6 h n = 9 et 24 h n = 11). Les groupes controles 
ont subi des manipulations chirurgicales et des mesures du FSME sans CA (groupe controle 1, n = 8) ou clampage 
des arteres sous-clavieres seulement (groupe controle 2, n = 8). Resultats: II n'y avait pas de difference au niveau 
de la moelle cervicale entre le FSME a 1 h, 6 h, 24 h du CA et le groupe controle 1. Au niveau Th, le FSME 6tait 
diminue pendant le CA (p < 0.003 vs. le groupe controle 2), 1 h, 6 h (p < 0.04 et p < 0.01 vs. le groupe controle 1). 
Au niveau Lo, le FSME n'etait pas detectable dans le groupe CA et il etait diminue' dans les groupes mesurfis a I h 
(p < 0.003) et 6 h (p < 0.003). 11 n'y avait pas de difference entre le groupe mesure' a 24 h et le groupe controle 1 a 
tous les niveaux de la moelle epiniere. Conclusions: Cette etude demontre qu'il existe une periode d'hypoperfusion 
post-ischdmique retardee, d'une dure de 6 heures apres le CA au niveau de la substance blanche et de la substance 
grise de la moelle epiniere Th et Lo. II est possible que ce phenomene ait une influence importante sur le sort du 
tissus nerveux a la limite de la viabilite suite a une lesion ischemique. 
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Paraplegia, secondary to ischemic myelopathy, can follow 
surgical correction of aortic diseases such as coarctation, 
atherosclerotic aneurysms, dissection and traumatic rupture. The 
events occurring after the ischemic period, during the reperfu­
sion phase, have been extensively studied and this research has 
provided convincing arguments that tissue damage may result in 
part from postischemic events.1"4 

Deteriorating stroke is a well-known phenomenon which 
may affect up to 33% of stroke victims. It occurs when an 
ischemic or hemorrhagic insult to the brain is associated to a 

continued loss of neurological function. Interestingly, a similar 
phenomenon has been described for the spinal cord, both in the 
animal model5 and in the human.6 Known as "delayed-onset 
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paraplegia", it is described in one-third to one-half of patients 
who develop neurological dysfunction of the lower extremities 
after aortic surgery. In this subset, the deficit appears hours and 
days after the patient has awakened successfully from surgery 
without neurological impairment. The cause is poorly under­
stood, and the hypotheses include postoperative hypotension, 
embolization or thrombosis of anterior spinal artery, breakdown 
of spinal cord blood-brain barrier integrity,7 eicosanoid changes 
and edema of the gray and white matter.2-89 

Conceivably, fluctuations in regional spinal cord blood flow 
during the reperfusion period could play a critical role in the 
final recovery or death of elements of the white and gray matter 
already damaged by the ischemic insult. In this respect, few 
studies of spinal cord blood flow changes after aortic cross-
clamping have been reported in various animal models and 
occlusion protocols.710"15 The data indicate significant variations 
in blood flow in the reperfusion period and could form the basis 
for such a hypothesis. 

In light of these considerations, the experiments presented in 
this study were directed to describe which changes, if any, occur 
in the spinal cord blood flow (SCBF) during the reperfusion 
period, after occlusion of the thoracic aorta and both subclavian 
arteries for 11 minutes in the rat. The data are compared with 
existing studies in the literature, and a possible relationship with 
the phenomenon of delayed paraplegia is discussed. 

METHODS 

Animal preparation 
Male Sprague-Dawley rats 2-3 months old and weighing 250-

300 g were kept in polycarbonate cages with free access to food 
and water. Animal care was delivered according to the "Principles 
of Laboratory Animal Care" and the "Guide for the care and use 
of Laboratory Animals" (NIH Publication No. 86-23, 1985). The 
animal was fasted overnight, weighed and then placed in a glass 
chamber with a continuous flow of 2.5% halothane until response 
to pinprick was absent. Then the animal's trachea was intubated 
with a 14# gauge catheter (7 cm long and 2.1 mm outer diameter) 
using a neonatal laryngoscope with a Miller 0 blade modified to a 
width of 7-8 mm. The rat was ventilated with an open circuit vol­
ume respirator (Ugo Basile rodent ventilator, Stoelting Instrument 
Co.) at 80 cycles/min with halothane 1.3%-1.5% in oxygen. A 
longitudinal incision was made through the skin in the sternal 
region. The chest wall was incised from the apex of the manubri­
um caudad along the left sternal border to the third rib. The thy­
mus was removed and three catheters (PE-10) were placed around 
the aorta and the origins of the right and left subclavian arteries. 
The free ends were passed through a 4 cm tubing (PE-160) creat­
ing a snare. Under direct vision the snares were pulled close and 
secured with a clamp. The vascular occlusion was maintained for 
11 minutes, a period of time which has been associated with post­
operative paraplegia and histologic injury to the spinal cord in 
previous studies.1617 Positive end expiratory pressure of 10 cm of 
water was instituted during the occlusion. (This is a characteristic 
of the model: positive pressure ventilation sharply decreases the 
incidence of pulmonary edema and death on releasing the occlu­
sion). The chest was closed and the snares were released and 
withdrawn at the end of the occlusion period. Body temperature 
was monitored by a rectal probe and was maintained at 37°C ± 
0.5° with a thermal pad. Blood flow measurements were per­
formed under anesthesia. In the two groups selected for SCBF 

measurement in the postperfusion period, the animals were awak­
ened, observed for 6 or 24 hours, depending on the group, and 
then anesthetized, reintubated and subjected to SCBF measure­
ment. SCBF measurements were carried out under endotracheal 
anesthesia in all groups, controls for animals who were awakened, 
extubated and then re-anesthetized were not included. 

Experimental protocol 
Fifty-three animals were divided in 6 groups: 
The zero hour (XC, n = 8) group underwent median sternotomy 

and aortic cross-clamp for a period of 11 minutes. SCBF was 
measured during cross-clamp. Both subclavian arteries were 
cannulated for blood pressure monitoring and arterial sampling 
and thus remained occluded during the procedure. 

The one hour (1 h, n = 9) group underwent median sternotomy 
and cross-clamp for a period of 11 minutes. The animals were 
then allowed to stabilize for one hour, under anesthesia, while 
mechanically ventilated. At the end of this period SCBF was 
measured. Both femoral arteries were used for blood pressure 
monitoring and arterial sampling. 

The six hour (6 h, n = 9) group underwent median sternotomy 
and vascular occlusion for a period of 11 minutes. Then the ani­
mal was awakened and extubated. It was allowed to recover for 
approximately six hours then re-intubated and mechanically 
ventilated and SCBF was measured using the same vascular 
access as in group 1 h. 

The twenty-four hour (24 h, n = 11) group underwent median 
sternotomy and vascular occlusion as described above. The ani­
mals were allowed to recover for 24 hours then anesthetized 
with halothane, intubated and mechanically ventilated. SCBF 
was measured in the same fashion as 1 h and 6 h groups. 

Two sham operated groups were added to the study: the first 
one (Sham 1, n - 8) underwent median sternotomy, dissection of 
the vessels and placement of the tourniquets but did not have 
cross-clamp. Femoral arteries were used for blood pressure 
monitoring and blood sampling as in groups 1 h, 6 h, 24 h. 

The second group (Sham 2, n = 8) underwent median ster­
notomy and placement of the tourniquets but did not have cross-
clamp. Subclavian arteries were used for blood pressure 
monitoring and blood sampling as in group XC. 

Measurement of spinal cord blood flow (SCBF) 
This variable was measured by a tracer washout technique 

employing the iodo-l4C-antipyrine (IAP) method.'8 Bilateral can-
nulation of both femoral veins was performed in all animals with 
silastic catheters for IAP and KC1 injections. Depending on the 
study group both femoral arteries or subclavian arteries were 
cannulated in order to monitor blood pressure and to obtain 
blood samples. A 0.3 ml sample of blood was obtained to mea­
sure PaC02, Pa02 and pH in a Radiometer ABL 30 Blood Gas 
Machine. Immediately after, an infusion of M C-IAP was started. 
Infusate volume was 0.6 ml, dose 100-125 (iCi/kg body weight 
and infusion period 30 seconds. Arterial blood samples (20 \i\) 
were obtained every 3 seconds from a free flowing arterial 
catheter until cardiac arrest and shortly thereafter. At the end of 
IAP infusion, circulation was arrested by an i.v. pulse of euthana­
sia solution of 0.8 ml of 3 M KC1. The exact time of cardiac 
arrest was determined from a continuous record of arterial blood 
pressure obtained on a polygraph; the samples obtained after car­
diac arrest were discarded, the longest possible interval between 
sampling and cardiac arrest was 2 seconds. Following this, sam­
ples (approximately 1 cm) of cervical, thoracic and the entire 
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lumbosacral cord were removed and flash frozen in methylbu-
tane chilled to -70°C. They were then transferred to a cryostat 
and embedded in OCT compound for later sectioning. 

The various segments of spinal cord to be studied were sec­
tioned in a cryostat in 20 (im thick slices, at 400 micron intervals, 
then mounted on glass slides and heat dried on a hot plate at 
60°C for at least 5 minutes. These dried sections were then 
exposed to Kodak NMC film for four weeks, along with 8 poly­
methylmethacrylate l4C standards of known radioactivity. After 
exposure, the films were developed on a Kodak XO-Mat proces­
sor. Optical density induced in the film by the slides and stan­
dards was quantified with a scanning microscope densitometer. 
Regional spinal cord blood flow (rBF) was calculated from the 
values of blood radioactivity in the samples collected during the 
last 30 seconds of the experiment (during IAP infusion). IAP 
concentration as a function of time was introduced in the opera­
tional equation described by Reivich et al.19 that, when solved 
for a series of incremental values of rBF, yielded a table relating 
blood flow to tissue radioactivity. This table permitted calcula­
tion of rBF from the microdensitometric data obtained from the 
autoradiographs. 

Statistical analysis 
The significance of comparisons between controls and 

postischemic groups was analyzed by the Dunnett test for multi­
ple comparisons, after analysis of variance. 

RESULTS 

Physiologic variables 
Analysis of variance between groups for weight, temperature at 

cross-clamp, arterial blood pH, pC02, pQ, and mean arterial blood 
pressure during SCBF measurements did not disclose differences 
except for the pH in the 1 h group which was significantly lower 
(P < 0.05) than Sham 1, Sham 2, XC and 24 h groups (Table 1). 

Spinal cord blood flow (SCBF) 

Three analyses were performed on the data. First, for each 
segment (cervical, thoracic and lumbar) SCBF was measured in 
six regions, three in the white matter (ventral column, lateral 
column and dorsal column), and three in the gray matter (ventral 
horn, dorsal horn 1 and dorsal horn 2). In the cervical segment, 
analysis of variance between blood flows of groups 1 h, 6 h, 24 
h and Sham 1 showed no statistical difference among groups in 
the white (WM) or gray matter (GM). In the thoracic segment, 
two regions significantly different on ANOVA, thoracic ventral 
column (TVC) and thoracic lateral column (TLC), were tested 
against Sham 1 with the Dunnett test: for TLC, blood flow for 
the 6 h group was significantly less than Sham 1 (Table 2). 
Finally, in the lumbar segment the Dunnett test on all the 
regions was initially different on ANOVA. A follow-up Dunnett 
test showed that the blood flow of the 1 h group was less than 
Sham 1 in the lumbar ventral column (LVC), lumbar lateral 
column (LLC) and lumbar dorsal horn 2 (LDH2) (Table 3). 

The data from each region were then pooled in order to 
obtain an average value of SCBF for white and gray matter for 
each segment of the spinal cord. A Dunnett test was performed 
and showed that in the cervical cord, SCBF was reduced in XC 
group in WM and GM, and in the 6 h group in GM. In the tho­
racic cord, SCBF was reduced in XC group in WM and GM, 
and in the 6 h group in WM and in GM. In the lumbar cord, 
SCBF was not detectable in XC group in both WM and GM, 
and reduced in 1 h in WM and in GM, and in 6 h in WM and in 
GM (Figure). 

Finally, the pooled data from groups 1 h, 6 h and 24 h were 
analyzed by analysis of variance to study the relationship 
between blood flow and time in the reperfusion period in the 
WM and GM of each spinal cord segment. The analysis did not 
show any significant relationship between blood flow and time 
in the cervical white and gray, and a marginal relationship in the 

Table 1: Physiologic Variables in Each Experimental Group. 

Group wt(g) T(°C) PH P co 2 pQ2 MABP 

Sham 1 
Sham 2 
XC 
I h 
6h 
24 h 

267.0 ±5.23 

272.8 ± 7.29 

277.3 ± 7.29 

264.6 ± 7.05 

281.1 ±3.45 

272.2 ± 5.82 

37.5 ±0.19 

36.5 ± 0.24 

36.6 ± 0.28 

36.9 ± 0.26 

36.8 ± 0.25 

36.8 ± 0.25 

7.33 ±0.013 

7.38 ±0.015 

7.35 ±0.012 

7.22 ± 0.040* 
7.29 ±0.014 

7.35 ±0.018 

40.6 ± 1.65 

34.6 ± 1.30 

37.5 ±1.46 

38.3 ±2.25 

35.8 ±1.47 

35.9 ± 1.45 

331.6 ±60.6 

363.6 ±34.9 

346.1 ±29.8 

369.8 ± 36.6 

379.9 ±13.8 

379.4 ± 35.8 

93.7 ± 

101.9 ± 

120.7 ± 

89.4 ± 

98.5 ± 

106.5 ± 

7.39 

5.20 

5.07 

13.77 

7.02 

4.21 

Values are mean ± s.e.; § = P < 0.05 vs 

Table 2 
and1 = 

Group 

Sham 1 Sham 2, XC and 24 h by ANOVA. 

Spinal cord blood flow (ml * 100 g~' * min-1) in the thoracic cord in three 
3 < 0.05 by two sample t-test between XC and Sham 2. 

TVC TLC TDC 

regions of white and 

TVH 

gray matter1; § = P < 0.05 

TDH1 

by the Dunnett test 

TDH2 

Sham 1 
Sham 2 
XC 
1 h 
6h 
24 h 

33.1 ±3.0 

35.3 ±2.1 

5.28 ± 0.71 

24.1 ±3.3 

23.7 ±2.0 

34.4 ±4.5 

33.3 ±2.9 

36.0 ±2.6 

6.51 ± 0.71 

23.9 ±2.5 

21.2 ±1.9* 
35.6 ±5.3 

37.4 ±3.7 

37.7 ±2.6 

6.1 ± 0.7» 

26.0 ±2.6 

24.3 ± 2.0 

35.7 ±4.6 

100.9 ±16.8 

95.5 ±10.6 

10.9 ± 1.71 

60.8 ± 7.0 

60.6 ± 5.7 

93.7 ± 13.0 

113.4±21.7 

106.0 ± 10.9 

11.6 ± 2.01 

69.9 ± 9.0 

63.1 ± 6.2 

97.6 ± 13.3 

73.4 ± 

73.8 ± 

11.5 ± 

45.0 ± 

47.7 ± 

95.2 ± 

11.8 

6.4 

1.11 
3.7 

4.2 

8.3 

' thoracic ventral column (TVC), thoracic lateral column (TLC), thoracic dorsal column (TDC), thoracic ventral horn (TVH), thoracic dorsal horn 1 
(TDHI), thoracic dorsal horn 2 (TDH2). 
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Table 3: Spinal cord blood flow (ml * 100 g"1 * min'1) in the lumbar cord in three regions of white and gray matter2; § = P < 0.05 by the Dunnett test. 

Group LVC LLC LDC LVH LDH1 LDH2 

Sham I 
Sham 2 
XC 
I h 
6h 
24 h 

40.9 ± 2.7 
47.3 ±4.3 

2S.S ± 2.5* 
32.9 ± 5.5 
48.9 ± 5.0 

44.2 ± 3.4 
50.9 + 6.2 

23.6 ± 3.38 

30.4 ±5.4 
56.6 ± 4.6 

46.8 ± 2.6 
43.3 ± 4.4 

22.3 ± 3.0 
32.2 ± 6.1 
61.7 ±14.6 

95.0 ± 7.1 
113.8 ± 14.7 

59.1 ± 8.0 
75.0 ±17.8 

132.5 ±12.5 

104.9 ± 8.2 
123.9 ± 16.4 

61.6 ± 9.0 
78.8 ±18.0 

141.3 ± 12.2 

88.9 ± 5.3 
97.2 ± 10.2 

47.6 ± 6.1« 
60.8 ± 11.5 

112.7 ± 11.6 

2 lumbar ventral column (LVC), lumbar lateral column (LLC), lumbar dorsal column (LDC), lumbar ventral hom (LVH), lumbar dorsal horn 
(LDH1), lumbar dorsal horn 2 (LDH2). 

thoracic white and gray, but disclosed a significant relationship 
in the lumbar white and gray (P = 0.001 with r2 = 0.41 and P = 
0.001 with r2= 0.42, respectively). 

DISCUSSION 

Our study showed that during vascular occlusion of the 
descending thoracic aorta and both subclavian arteries in the rat, 
SCBF decreased in the cervical and thoracic cords, and was 
undetectable in the lumbar cord. In the reperfusion period, 
SCBF was significantly depressed at 1 h and 6 h measurements 
in both the WM and GM of the thoracic and lumbar cords. It 
returned to control values by 24 h. Further analysis in six areas 
of WM and GM identified selected zones in the thoracic and 
lumbar cords of significantly decreased blood flow while the 
remaining zones showed a trend (P between 0.06 and 0.1) to 
have decreased blood flow which did not reach statistical sig­
nificance, probably because of the limited number of observa­
tions. Both during aortic occlusion and in the reperfusion period 
the most striking changes in SCBF were seen in the lumbar 
cord. This correlates well with pathologic findings in the lumbar 
cord of animal models17'20 and of human autopsies21 and con­
firms that the lumbar segment is at highest risk of neurologic 
injury during aortic cross-clamping. 

The choice of the methodology for SCBF measurement and 
of the animal model are two important issues and deserve to be 
discussed in more depth. Separation of gray and white matter 
blood flow in the different segments of the spinal cord is essen­
tial for an understanding of normal SCBF and its changes in 
pathological states. Among the methodologies available, the l4C 
autoradiographic technique provides the best resolution with a 
spatial accuracy of 10 lines/mm: blood flow can be measured in 
discrete zones of the whole cross-sectional area of the cord. The 
method, however, requires that the animal be sacrificed at the 
time of measurement; therefore, for the study of sequential 
changes, groups of animals are needed at varying intervals.22 In 
addition, the technique precludes perfusion fixation of the ani­
mal just before death, and to that end, performance of histologi­
cal studies. A further limitation resides in the high cost of the 
radioactive compound in animals of large size, confining this 
technique to small species. 

The rat model of ischemic paraplegia used in this investi­
gation has been described by LeMay et al.16 and fully charac­
terized by our group.17 It provides a rich neurologic repertoire 
of the lower extremities and a close similarity with the blood 
supply of the human spinal cord.23 The model requires occlu­
sion of both subclavian arteries with consequent reduction in 
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Figure: Average values of spinal cord blood flow in the while and gray 
matter of cervical, thoracic and lumbar cord. * = P < 0.05 vs. Sham I. ° 
= P <0.05 vs. Sham 2. 

cervical blood flow; therefore, in this study, the XC group 
could not be compared with the Sham 1 and a second control 
(Sham 2) with occlusion of both subclavian arteries only, was 
needed. Conversely, an appropriate control group for animals 
who were awakened, extubated and then re-anesthetized for 
SCBF measurement, although desirable, was not included in the 
protocol. The physiologic variables (weight, temperature at 
cross-clamp, arterial blood pH, pCO.,, pO, and mean arterial 
blood pressure during SCBF measurements) were controlled 
during the experiment, with the exception of the pH of 1 h group 
which was significantly lower (Table 1). We believe this phe­
nomenon is likely due to the severe metabolic acidosis following 
release of vascular occlusion and should not be considered an 
important variable to influence blood flow data. Finally, func­
tional outcome could not be studied because of the acute nature 
of this experiment. 
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Previous measurements of SCBF during and after aortic 
cross-clamping are reported in the literature in various animal 
models. Studies carried out in the dog,10" in the swine12 and in 
the baboon13 employed the microsphere technique which allows 
sequential measurements but does not discriminate WM from 
GM.24 In addition, SCBF was used to evaluate intraoperative 
interventions to decrease the incidence of paraplegia, and conse­
quently the measurements were primarily directed to the cross-
clamping period. As expected, all studies showed that blood flow 
becomes progressively less down the length of the spinal cord 
during aortic occlusion. In the reperfusion period, an hyperemic 
response was seen within 3012 to 60 minutes,13 and it was still 
present in the only study where a measurement was performed 
24 h after release of aortic cross-clamp.14 A more complete study 
of SCBF in the reperfusion period was reported by Jacobs et al.7 

in the rabbit model. This investigation employed the same 
autoradiographic technique used in our study with measurements 
at 0.5, 4, 12 and 24 h. In all regions, SCBF was not different 
from control levels after 30 minutes of reperfusion; at 4 h SCBF 
was reduced in the ventral and intermediate white matter of the 
lumbar cord. Interestingly, in the same regions, SCBF was ele­
vated vs. control at 12 h, and 24 h both in WM and GM. Finally, 
Chavko et al.,15 in the same rabbit model and with the same tech­
nique, found an hyperemic response 30 minutes after ischemia 
and no difference from controls four days later. 

In an attempt to interpret the conflicting data reported above, 
ours included, we can speculate that SCBF in the reperfusion 
period varies according to the peculiarities of spinal cord blood 
supply of each animal model, the different type and duration of 
occlusion, the techniques and the sampling times of spinal cord 
blood flow measurements. However, without doubt, SCBF is not 
normal in the first 24 h after an ischemic insult and can be char­
acterized by periods of initial and delayed hyperemic response 
and of delayed hypoperfusion, before the return to baseline 
blood flow values. This is similar to what has been described in 
models of cerebral ischemia1-25 and in human subjects after 
stroke.26 The possible implications of this phenomenon are 
broad and relink to the premises of this study. 

A critical interval measured in hours may exist after a period 
of ischemia (especially after moderate degree of ischemia) char­
acterized by three hypothetical conditions: neural function is 
suspended but the cells remain viable with potential for full 
recovery. Alternatively, neural function is restored but the neural 
elements are still recovering from the ischemic insult, therefore 
they are in a precarious condition. Finally, some cells have died 
and others are in a borderline state susceptible to further injury. 
This time window, also termed "the maturation phenomenon" 
may be followed by complete recovery, the new onset of neuro­
logic deficit (delayed onset paraplegia) or further neurologic 
deterioration (e.g., deteriorating stroke). In the latter two cir­
cumstances, we have to assume that the ischemic episode estab­
lished conditions that could produce irreversible damage during 
the reperfusion period. This state has been identified in an 
abnormally high intracellular calcium which initiates a cascade 
of celluar events.27 Among them, production of vasospastic 
prostagandins28 and vascular smooth muscle contraction sec­
ondary to calcium influx, may be responsible for the defect in 
the microcirculation observed after cerebral and spinal cord 
ischemia. Such perfusion abnormalities, in turn, could produce 
more ischemia and perpetuate the injury. The present study con­
firmed the presence of an abnormal microcirculation after spinal 
cord ischemia and fully defined its extension in the segments of 

spinal cord and the various areas of the WM and GM. 
Correlation with functional outcomes was not possible. 
Therefore, a relationship with the clinical syndromes above 
mentioned remains speculative. However, we believe this study 
forms the basis for future investigations employing serial mea­
surements in the same animals (e.g., hydrogen blood flow mea­
surement of one area of the lumbar cord) and allowing 
assessment of functional outcomes and histologic changes, in 
order to correlate, in the same animal, different degrees of 
ischemic injury with SCBF in the reperfusion period and neuro­
logic, histologic outcomes. 

In summary, the following considerations can be made: 1) 
The present study has described a period of delayed hypoperfu­
sion in the WM and GM of the thoracic and lumbar cord lasting 
six hours after occlusion of the descending thoracic aorta and 
both subclavian arteries for 11 minutes in the rat model; 2) 
Review of previous reports in the literature allow us to conclude 
that SCBF is not normal during reperfusion after aortic cross-
clamping and significant variations above or below control val­
ues do occur; 3) More studies are needed to elucidate the 
post-ischemic phase and to correlate the variations of SCBF 
with the neurological and pathological outcomes. 
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