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Diffusion MR Imaging During Acute Subarachnoid
Hemorrhage in Rats

Elmar Busch, MD; Christian Beaulieu, PhD; Alex de Crespigny, PhD; Michael E. Moseley, PhD

Background and Purpose—We analyzed the temporal and spatial pattern of water diffusion changes during acute
subarachnoid hemorrhage (SAH) in rat brain to identify factors contributing to the acute pathophysiology of SAH.

Methods—Subarachnoid hemorrhage was remotely induced via perforation of the circle of Willis with an endovascular
suture during MR imaging. A fast echo-planar imaging technique was used to acquire 60 maps of the apparent diffusion
coefficient (ADC) beginning 1 min before and continuing for 11 min after induction of SAH. A high-resolution
spin-echo diffusion sequence was used to follow diffusion changes over 6 h after SAH. Sham-operated ee8}rol (n
nonheparinized (#6), and heparinized &5) groups were studied.

Results—Sham-operated control animals did not show ADC changes over time. In both SAH groups, however, a sharp
decline of ADC within 2 min of SAH was consistently observed in the ipsilateral somatosensory cortex. These decreases
in diffusion then spread within minutes over the ipsilateral hemisphere. Similar ADC decreases on the contralateral side
started with a further time delay of 1 to 3 min. From 30 min onward, the extent of the diffusion abnormality decreased
progressively in the nonheparinized animals. No recovery was observed in heparinized rats.

Conclusions—MR diffusion imaging allows new insight into the pathophysiology of acute SAH: The spatial and temporal
pattern of diffusion changes suggests the initial occurrence of acute vasospasm and subsequently “spreading
depolarization” of brain tissue. Persistent hemorrhage in heparinized animals was reflected by early decline of ADC
values throughout the entire braifStroke. 1998;29:2155-2161.)

Key Words: magnetic resonance imagimgspreading cortical depressiasubarachnoid hemorrhagevasospasna rats

he pathophysiology of acute subarachnoid hemorrhage P
(SAH) in humans is poorly understood because it is See Editorial Comment, page 2161
difficult to study systematically. Until now, the sequence of diffusion changes can be monitored with high temporal and
events leading to the early deterioration and death of patientsspatial resolution and therefore might allow more detailed
with SAH has remained unknown. With the prospect of an insight into the pathophysiology of acute SAH.
increasing number of treatment options for acute cerebral The purpose of this study was to test whether the acute
ischemia, detailed knowledge of the pathophysiology of acute events during SAH cause transient or permanent changes in

SAH becomes more importaht. brain water diffusion in a rat model. Furthermore, we aimed
Animal studies focusing on the early time course of SAH to identify factors contributing to the acute pathophysiology
have made progress in closely simulating human $AMany of SAH, eg, vasospasm, by analyzing the spatial and temporal

of these studies found a sudden and transient decrease of craniddattern of possible DWI changes.

perfusion pressure (CPP) resulting from an increase in intracra- One group of animals was pretreated with heparin in order to

nial pressure (ICP). Because changes in cerebral blood flow prevent blood clotting and thereby increase the severity of the

(CBF) did not always parallel changes in CPP, it was suggestedinduced hemorrhage. By comparing the heparin-treated rats with

that early vasospasm might play an additional role in these those not given heparin, we could test whether the temporal and

experimental settings:” However, the impact of these events on  spatial pattern of DWI changes is related to the severity of the

acute and chronic brain metabolism is unkndwn. hemorrhage. This aspect is of particular importance if DWI
MR diffusion-weighted imaging (DWI) is a powerful tool for ~ would be used to monitor the impact of acute SAH in patients.

the noninvasive detection of early brain injin}.The sharp

decline of the apparent diffusion coefficient (ADC) of water Materials and Methods

after cerebral ischemia is related to cellular swelling due to cell Surgical Procedures and Physiological Monitoring

depolarization, and it can occur as early as 2 minutes after onseta|| animal procedures were approved by the Stanford Animal Care
of ischemia*? Using fast imaging techniques, brain water Committee. Fourteen Sprague-Dawley rats weighing 290 to 370 g were
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2156 Diffusion MRI During Acute SAH

anesthetized with 3% halothane in air, supplemented witki@lothane EPI diffusion imaging parameters were as follows: 40 mm field of
levels were later reduced to a maintenance dose of 1% to 1.5%. The ratsview, matrix size 6464, TR=2 s, TE=50 ms, 1 average, 3 coronal
were intubated and ventilated, and the femoral artery and vein were slices, slice thickness2 mm, and interslice gap0.2 mm. The
cannulated for continuous monitoring of blood pressure, withdrawal of diffusion-sensitizing gradients were applied alongZtdirection (ie,
blood samples, and administration of fluid and drugs. nose-tail). The ADC maps from the dynamic EPI scans were

SAH was induced within the magnet by perforation of the circle of generated with a 12-s time resolution from a sequence of 6 images
Willis via an endovascular monofilameh In brief, the right with the b values 0, 1300, 1300, 0, 1300, 1300 s/rhifwo sets of
carotid artery was dissected and the CCA and pterygopalatine arterythe 0, 1300, 1300 s/mhimages were used to improve the calculation
ligated. The ECA was intersected and its stump placed in line with of the ADC at the expense of temporal resolution.
the ICA. Thirty-five millimeters of a 3.0 prolene suture was The diffusion-weighted images for the higher resolution spin-echo
connected to a PE 90 tube and positioned inside a guide sheath (PEmaging sequence were acquired with use of isotropic weighting
260), the tip of which was fixed next to the carotid bifurcation at the methods to remove the confounding effects of anisotropic water
digastric musclé® The suture was introduced through the ECA diffusion on DW image intensit}$. The isotropic weighting was
stump into the ICA. The ECA was tightened around the suture to achieved within a single scan by using diffusion-sensitizing gradient
prevent blood loss and fixed at the tip of the guide sheath. The tip of waveforms® that satisfy the orthogonality requirements detailed by
the suture was positioned at the level of the skull base. The animal Wong et al'® Each set of diffusion-sensitizing gradients before and
was positioned on its back, fixed in a stereotactic head holder, and after the radiofrequency pulse had a duration of 25 ms and produced
placed inside the magnet. After localizer MRI scans and control gradientb values of 1300, 600, and 20 s/nfrRixel-by-pixel maps
images were acquired, SAH was induced without moving the animal of the ADC of water were calculated from these 3 sets of images.
by advancing the suture a further 16 mm, followed by immediate The high-resolution spin-echo diffusion images were acquired with a
withdrawal to its position at the skull base. The procedure of 128Xx128 matrix size, field-of-view of 50 mm, FR2500 ms,
advancing and withdrawing the suture inside the magnet took less TE=80 ms, 1 average, 8 coronal slices, slice thickness of 1.5 mm, an
than 30 s. In control animals, the thread was advanced only a further interslice gap of 0.2 mm, and an acquisition time of 5.5 min.
11 mm, followed by immediate withdrawal, so that its tip reached the
MCA origin but did not perforate the circle of WilliS. Image Analysis

At hourly intervals arterial blood samples were taken for measure- |mage analysis was carried out using the image processing software
ment of blood gases (Blood Gas System 288, Ciba Corning Diag- MRVision (MRVision Co). For the fast EPI acquisitions, the 6 ADC
nostics), and ventilation parameters were adjusted to keep the bloodmaps obtained before advancement of the suture were averaged. All
gases in physiological range. Body temperature was recorded with afgllowing ADC maps were pixelwise normalized to this averaged
rectal thermometer and maintained at 37°C with a forced warm air control ADC map. Areas with an ADC below 85% of control values
supply. Blood pressure was measured continuously via a transducefyere highlighted on all normalized ADC maps. The areas with ADC
and recorded on a computerized data acquisition system (MacLab, values below 85% of the control ADC, as measured before SAH,

ADInstruments Inc). were highlighted also on ADC maps from the SE-DWI. The
highlighted regions were transferred to a standardized brain section
Experimental Protocol drawing, using transparency techniques to achieve overlay images.
Three groups were studied: control animals-®), nonheparinized Relative ADC values over time were measured from 2 regions of
animals with SAH (#=6), and heparinized animals with SAH=15). interest in the somatosensory cortex of both hemispheres. The time

Control and nonheparinized animals were observed with MRI as of onset of ADC changes in ipsilateral and contralateral hemispheres
described below for 6 h. At 6 h, the animals were killed with an was defined as the time point at which the ADC declined to below
intravenous injection of potassium chloride, and the brains were 85% of its control value.

inspected and processed for 2,3,5-triphenyltetrazolium chloride Data are given as mearSEM unless stated otherwise. Statistical
(TTC) staining. Heparinized animals received 50 IU heparin after analysis between groups was performed by 1-way analysis of
surgery and again immediately before SAH to prevent blood clotting. variance (ANOVA), followed by Student's paird@dest. AP value

In the latter group, MR studies were continued for 2 h after SAH <0.05 was accepted as significant.

(only 2 h because the rats were brain dead by this point), after which

the brains were examined. Results

Inspection of Brains and TTC Staining General Physiological Parameters

At the end of the observation period, the brains were visually The Table sumr_nanzes the physiological parameters before and
inspected through the surgical microscope (magnificatioR) for after SAH. Arterial blood gases and core temperature were in the

the presence of SAH and photographically documented. Afterward, normal range throughout the experiment and did not differ
the brains were |_ncuba_ted for 10 minutes in c<_)ld saline ar_1d cut into significantly between groups. Likewise, the MAP in control
2-mm coronal slices with a rat brain matrix slicer. The slices were animals was stable thr hout the experiment. SAH in nonhe-
stained for 20 min at 37°C in a 2% solution of TTC in saline. o . € throughou . ee F’e _e ) o _e
parinized animals caused a brief decline in MAP of approxi-
MRI Protocol mately 15% but quickly stabilized at pre-SAH level for the rest
MRI diffusion imaging for mapping of the ADC was performed in 2  Of the experiment. One of the nonheparinized animals developed
ways. During the hyperacute phase of the hemorrhage, a fastan ADC decline of the entire brain at 6 h, correlating with a
eChO'P:aSF?fr ”T‘ag'”gd(EP') ‘?;f;fus'_on sequence acquired a'te(;”a“”g decline in MAP to 70 mm Hg. The same pattern was observed
coronal airtusion and non-—difrusion-weig te Images In oraer to . P . .
generate 60 ADC maps sequentially over a period of 12 min, SAH in all heparinized ammals. The deyelopment.of an ADC decline
was induced 72 s (ie, 6 baseline ADC maps) after start of the throughout the brain correlated with a lowering of the MAP to
echo-planar imaging series. Images of 3 slices were acquired everyapproximately 70 mm Hg and indicated brain death. Some of

2 s. To follow the evolution of diffusion changes over a longer time  these animals had a preceding period of elevated MAP before
course, spin-echo DW images were then performed at 8 time points: 1

before SAH, 30 minutes and 1 h after SAH, and then hourly for the decline took place.
another 5 h (aotal of 6 h). All DWI was performed on a 2-T GE . . .
Omega CSI spectrometer equipped with shielded gradients capable\/'suaI Inspection of Bra'ns .

of producing=20 G/cm. The head of the rat was centered supinely in None of the control animals had any evidence of subarach-
a 5.5-cm diameter birdcage radiofrequency coil. noid hemorrhage postmortem. In contrast, all other animals
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General Physiological Parameters

Time After SAH

Control 30 min 1h 2h/2-6 h

Arterial blood pressure, mm Hg

Control 103+5 101+7 103+3 103+5

Nonheparinized 109+8 107+6 105+13 105+6

Heparinized 105+7 10321 91+28 72+8
Body temperature, °C

Control 37.3x0.1 37.7x0.3 37.3+0.7 37.2+0.6

Nonheparinized 38.0+0.5 37.5+0.7 37.3+0.9 37.5+0.7

Heparinized 37.3+0.5 37.0+1.0 36.8+0.4 36.6+0.7
Arterial Po,, mm Hg

Control 124+11 11316 136+32

Nonheparinized 112+19 115£9 122+22

Heparinized 11323 10510 13020
Arterial Pco,, mm Hg

Control 34+6 40+3 38+6

Nonheparinized 42+9 377 38+5

Heparinized 43+10 41+4 39+10
Arterial pH, U

Control 7.40x0.05 7.36+0.02 7.41+0.07

Nonheparinized 7.35+0.05 7.37+0.05 7.33+0.04

Heparinized 7.30+0.04 7.31+0.04 7.36+0.11

All values are mean=SD in control (n=3), nonheparinized (n=6), and heparinized rats (n=>5).
Control and nonheparinized rats were followed for 6 h and heparinized rats for 2 h after induction
of SAH.

had extensive subarachnoid hemorrhage. In nonheparinizeddecrease in the ipsilateral somatosensory cortex occurret8.06
animals, clotted and unclotted blood was found around the s after the suture was advanced for induction of SAH (Figure
circle of Willis, distributed equally between both sides. Blood 1B). This change was typically preceded by a slight ADC
was also found as a thin layer overlying the cortex, around the decrease starting in the first minute after SAH and resulted in a
brain stem, and, in most animals, in the ventricles. Subarach-drop to approximately 75% of control. Similar ADC changes on
noid blood was similarly distributed in heparinized animals, the contralateral side started with a delay of-86 s after the

but no blood clots were found. ADC decline in the ipsilateral cortex.
_ . . In heparinized animals, ADC changes occurred in a very
Diffusion Changes During Hyperacute SAH (EPI) similar spatial pattern as in nonheparinized animals, starting in

Measured absolute ADC values before intervention were similar the ipsilateral somatosensory cortex and then spreading out in a
for all groups. Averaged ADCX10° mn/s) values in the  similar manner (Figure 3). In 4 of 5 animals, ADC changed on
cortex were 0.720.01, 0.76:0.01, and 0.7%0.02 in control, the contralateral side during this initial time period, in 3 animals
nonheparinized, and heparinized animals, respectively. starting close to the midline in the parietal cortex and in 1 animal
In control animals, no significant ADC changes were n the somatosensory cortex. The characteristics of the onset of
detected throughout the observation period of 12 min after the ipsilateral ADC changes in this group (118 s) were similar to
suture was briefly advanced to the MCA origin and then those in the nonheparinized animals (Figure 1C). However, the
retracted (Figure 1A). onset of contralateral ADC changes, #8® s later than
In all nonheparinized animals, a rapid ADC decline was ipsilateral, was significantly delayeB+0.0024) compared with
observed, starting in the ipsilateral somatosensory cortex. Thisthe nonheparinized animals.
area of ADC decline increased quickly by spreading out over the
ipsilateral cortex and basal ganglia. In 5 of 6 animals in this Diffusion Changes During the 6 Hours After
group, contralateral ADC changes were observed. The spatialSAH (SE)
pattern of the ADC decline is depicted in Figure 2. The ADC Absolute ADC valuesX 102 mn¥/s) in the cortex measured
decline on the contralateral side started either in the somatosenyprior to hemorrhage were 0.71+0.09 and 0.71+0.01 in the
sory cortex, as on the ipsilateral side, or in the parietal cortex control and SAH groups, respectively.
close to the midline. The lesion area, as defined by at leasta 85% Figure 4 shows diffusion changes observed during the 6-h
drop in ADC, was maximal at the end of the 12-min observation observation period in a nonheparinized animal, while Figure
period but was smaller on the contralateral side. The rapid ADC 5 summarizes the temporal and spatial pattern of ADC
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< 70 —— Contralateral
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Time (min)

B

110 SAH Non-heparinised 1 0animals 1 or 2 animals
?; 3 or 4 animals EEE 5 or 6 animals
2 P = - . . .
E 1004 & g —=— lpsilateral Figure 2. Spatial evolution of ADC changes during hyperacute
5 —= Contralateral SAH in nonheparinized animals. Areas with an ADC reduction of
€ 90| >85% were highlighted on ADC maps at the level of the
£ 6o bregma and transferred to standardized brain sections. Areas
g with an ADC decline in 5 or 6 animals are presented in black, in
< 70 3 or 4 animals with strips, and in 1 or 2 animals in gray. One

section before and 19 sections after SAH are shown over a total

0 2 4 6 8 time period of 8 min, with each section representing 24 s. The
Time (min) ADC declines began in the ipsilateral somatosensory cortex and
spread within minutes over cortex and subcortical structures of
this hemisphere. Delayed changes on the contralateral side
started either in the corresponding somatosensory cortex or

(P

Heparinised

101 saH close to the midline in the parietal cortex and spread out over
A —=— Ipsilateral the hemisphere, but to a lesser spatial extent.
L —o— Contralateral

declined at 30 min after SAH (Figure 3), whereas in the fifth
animal it had fully declined only at 2 h after SAH.

ADC (%, normalised)
0
(=]

70 TTC Staining
0 2 4 6 8 Control animals showed completely normal staining of the
Time (min) brain after incubation in TTC solution. The white, unstained
Figure 1. ADC changes during hyperacute SAH. ADC values are regions in the nonheparinized animals corresponded well

calculated from regions of interest in the somatosensory cortex of
both hemispheres and normalized to the average of control values
before advancement of the suture. ADC values (mean=SEM) are . .
presented 1 min before and 8 min after suture advancement. Data Discussion

points are given every 24 s. A, Brief advancement of the suture to Our results establish that MR diffusion imaging is indeed

the MCA origin without perforation of the circle of Willis did not . . - .
induce any ADC changes in the control group. B, SAH in nonhepa- capable of monitoring the impact of acute SAH in rat brain.

rinized animals caused a rapid decline of ADC in the somatosen-
sory cortex starting 1068 s after SAH. The maximal reduction in
ADC is to about 75% of normal. This decline was preceded by a
gradual decrease of ADC within the first minute. ADC decreased in
the corresponding region of the contralateral side, with a delay of
6615 s in 4 animals of this group. C, SAH in heparinized animals
started similar to that on the ipsilateral side, but with a significant
longer delay of 18919 s on the contralateral side, in 4 animals of
this group.

with the areas of ADC changes (Figure 5).

changes seen in all of the 6 nonheparinized animals. The
earliest ADC maps from SE-DWI images were obtained at 30
min after SAH, and the spatial distribution of ADC changes
in these maps correlates well with those changes seen in the
last ADC maps obtained from the EPI images (see Figures 2
and 5 for comparison). However, in the following hours, the
area of ADC changes declined dramatically (Figures 4 1o 6). Figure 3. Spatial evolution of ADC changes during hyperacute

In 1 animal, the ADC changes disappeared completely, and in saH in heparinized animals. Results are presented as in Figure 2;
another animal the area with ADC decline enlarged further to the last section is replaced with a section representing the extent
comprise the whole brain at 6 h. In 4 animals, the ADC lesion ©f ADC changes in SE-DWI at 30 min. ADC changes in this group

. L evolved similar to that in nonheparinized animals, but changes on
was confined to the ipsilateral somatosensory cortex at 6 h. I the contralateral side started significantly later. In addition, decline
4 of the heparinized animals, the ADC of the entire brain had of the ADC in the whole brain at 30 min indicates brain death.

8 min 30min

1 0animals 1 animal
2or3animals WWE 4 or 5 animals
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Slice 1

Figure 4. Diffusion-weighted imaging during acute
: ; ) AL ) SAH. Presented are 5 coronal slices through the
Slice 2 4 % 4 S EY Wil " central brain before and 5 time points after SAH.
) At 30 min after SAH, widespread hyperintensity is
: — ! visible, comprising most of the ipsilateral hemi-
Slice 3 feok -t B y - sphere and the larger part of the contralateral cor-
aal . - . s tex. Hyperintensity on DWI indicates a reduction of
ADC. At 2 h after SAH, the hyperintense areas are
SN - . 3 P, dramatically reduced and are confined to the ipsi-
Slice 4 a3 B S erth @ ) - Gy lateral cortex. At 4 h after SAH, the hyperintense
hofnd. y W ’ . regions appear slightly enlarged again and
brighter, indicating underlying changes in T2 signal
intensity.

Slice 5

A sharp decline of ADC was consistently observed within 2 esized. The observation that the ADC changes on the con-
min after onset of SAH in the ipsilateral somatosensory tralateral side began either in the corresponding area or from
cortex. From a localized initial region, the areas with reduced a location close to the midline suggests that either the
ADC spread within minutes over the ipsilateral hemisphere. contralateral MCA or the anterior cerebral artery (ACA)
In most animals, corresponding ADC reductions were seen on develop vasospasm first.

the contralateral side with a time delay of 1 min (nonhepa-  The reduction of CBF due to decrease of CPP after SAH is
rinized rats) or 3 min (heparinized rats) relative to the well established>®**Therefore, the initial ADC decrease in
ipsilateral side, either in the corresponding location to the a circumscribed region of the ipsilateral somatosensory cor-
ipsilateral cortex or in the parietal cortex close to the midline. tex most likely reflects critical ischemia caused by a combi-
The contralateral ADC changes spread out to a lesser extentnation of overall reduction of CBF and localized vasospasm.
than the ipsilateral side. The greater part of ADC changes in  The observation of delayed ADC decreases on the con-
nonheparinized animals resolved within 2 h, whereas the tralateral side provides evidence that it is not the perforation
ADC declined throughout the entire brain in heparinized injury to a vessel itself which is causing vasospasm, although
animals as early as 30 min after SAH. A number of conclu- jt might increase its severity and duration. It seems more
sions can be drawn from these observations. likely that the presence of subarachnoid blood triggers the
vasospasm and that the delay between the two hemispheres
can be explained by the time the blood needs to reach the
contralateral vessels in a comparable concentration to that on

Acute Vasospasm After SAH

The initial ADC reductions always occurred in the ipsilateral
somat_osensory cortex, in the most d_|stal region supplied by the ipsilateral side.
the middle cerebral artery (MCA). This observation strqngly In this context it is interesting that a significant difference
suggests that the onset (but not the subsequent spreading; S&%as observed in the time delay between the nonheparinized
below) of diffusion changes is related to vascular anatomy.

Therefore, the occurrence of acute vasospasm can be hypoth- 80

—_ —a— SAH, Non-heparinised
-g 70 —I— Control
'pre SAH 30min 1h 2h E 60
- o
= 50
\/@ﬁ @ i 40
e 4. 72 ! g
< 30
p Gra § 20
. _ 5 § 10 Suture
3h 4h 6h TTC/6h 0

Pre 0 60 120 180 240 300 360
1 Oanimals 1 animal Time (min)

2or3animals WM 4 or 5 animals Figure 6. Spatial extent of ADC changes during acute SAH in

Figure 5. Spatial evolution of ADC changes during acute SAH control and nonheparinized animals. The brain area affected by
in nonheparinized animals. Results from the ADC maps, as cal- a reduction in ADC below 85% of normal is expressed as a per-
culated from SE-DW images, are presented as in Figure 2 and centage of the whole brain area of a single coronal slice at the
the results from TTC staining of the matching brain sections are level of bregma (mean+SEM). The nonheparinized animal that
added for comparison at the end. The spatial extent of ADC developed an ADC decline of the whole brain was excluded
changes is reduced after the 30-min time point. from this analysis.
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and heparinized animals for the diffusion changes to occur on tissue. Repolarization is an energy-demanding process and
the contralateral side66+15 s for nonheparinized animals therefore depends on sufficient blood supplyt has been
compared with 18819 s for heparinized animals. It would shown previously that the duration of spreading depression
be expected that in heparinized animals the ICP would rise depends on the level of oligemia of the tis$ti.is likely that
more quickly than in the nonheparinized animals, since the CBF immediately after SAH is reduced to such a level that
bleeding does not clot, and therefore the ADC would decline repolarization of brain tissue is delayed. However, only a small
more rapidly. Instead, we found the opposite: ADC declines cortical region, centered around the area where the very first
on the contralateral side started later in the heparinized changes occurred, remained abnormal on ADC maps (Figure 5)
animals. As the most likely explanation, heparin blocks the and did not stain in TTC solution at 6 h.
formation of thrombin, which is a strong vasoconstrictof?
This finding lets us conclude that thrombin plays a role, but DWI Changes Reflect Severity of SAH
not the only one, in acute vasospasm after SAH. The comparison between nonheparinized and heparinized
Our notion that acute vasospasm occurs after experimentalanimals clearly shows that time course and spatial extent of
SAH is in line with the results of a number of studies which ADC changes reflect severity of SAH. In heparinized ani-
have investigated the events immediately after the acute mals, which can be expected to have a persistent hemorrhage
episode of SAF®1823-25gand monitored CBF, ICP, and CPP. and therefore a continuous drop of CPP, the resulting ische-
Although CPP was considerably decreased in these studiesmia is characterized by a lack of recovery and a drop of ADC
during a short time period after SAH, it returned to values throughout the brain. In nonheparinized animals, recovery of
close to normal after 15 to 20 min. One study reported a ADC changes reflect stabilization of CBF on levels above the
mismatch between CPP and CBF charfgésother study critical threshold for infarction. However, persistent ADC
observed differences between both hemispheres; the ipsilat-changes in circumscribed regions at 2 h after SAH resulted in
eral hemisphere to the hemorrhage had an earlier and moredemarcated areas on TTC staining at 6 h. Therefore, early
severe decrease of CBF and CBV than the contralateral DWI might have a predictive value for recovery of brain
hemispheré?®® Interestingly, the CBF/CBV decrease was tissue after SAH and therefore could help in clinical decision
found to precede the increase in ICP. Another study has making. More speculative, DWI might be useful in monitor-
shown directly a biphasic response of vasospasm after SAHing delayed cerebral ischemia after SAH in patients, because
through use of angiographic methods, with the first vaso- ADC decreases are to be expected before changes in cerebral
spasm taking place immediately after the bleed and the CT if CBF drops below an ischemic threshéld.
second occurring days later, depending on the animal nfodel.  In conclusion, MR diffusion imaging yields new insight into
Most of these studies conclude from their measurements thatthe acute pathophysiology of SAH and is capable of monitoring
vasospasm plays a role during acute SAH. However, the the initial impact of acute SAH on the brain. The reduced ADC
occurrence of early vasospasm in humans is uncertain (for avalues reflect cellular depolarization of brain tissue after SAH.
review, see Jakobs®nsince it is very difficult to study. So The relation of the initial diffusion changes to vascular territories
far, only a few cases of acute vasospasm, when SAH occurredsuggests a role for acute vasospasm. The spatial-temporal pattern

during cerebral angiography, have been repotté&d. of the spreading of diffusion changes indicates the occurrence of
“spreading depolarization” of brain tissue. In addition, DWI of

“Spreading Depolarization” of Brain Tissue heparinized animals with more severe hemorrhage demonstrates

After SAH that time course and spatial extent of reductions in ADC reflect

The spreading wavefront of diffusion changes always starts at the severity of SAH.
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Editorial Comment

There is no doubt that application of newer MRI techniques

| do not share the authors’ view that these techniques,

will further advance our knowledge and insight into the elegant as they may be, should be applied to patients with
pathophysiology of many diseases, including subarachnoid SAH soon. As it stands now and in the foreseeable future,
hemorrhage (SAH) in experimental animals and humans. there is nothing we can do about the acute effects of
Although somewhat speculative, the authors’ conclusion that aneurysmal rupture, even in the setting of the intensive care
in rats SAH effects its changes through a combination of g during angiography. This is not to say, however, that
decreased cerebral perfusion pressure (CPP) and vasospasgkperiments as described here are not important. Every little
is reasonable. This is a descriptive study, lacking a clearly piece falling in place in the giant jigsaw puzzle that is SAH

stated hypothesis, so it is possible that the authors were,.iy eventually lead to more effective overall treatment.
caught off-guard themselves. Had they expected these find-

ings and hypothesized their explanation in advance, they
probably would have added intracranial pressure measure-
ments to the experiments. A finding of decreased CPP in the
heparinized animals compared with the nonheparinized
group, and the measured extent of this difference, would have
bolstered their case.

J. Paul Muizelaar, MD, PhD, Guest Editor
Department of Neurosurgery
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