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Cerebral blood flow in experimental neurotrauma
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Traumatic brain injury (TBI) posesses the largest
ilithreat facing the morbidity and mortality of the human
ogpediatric and young adolescent population [22, 23, 29-31],
niand is one of the major causes of disability and long in
socapability in all ages. TBI to children younger than 4
syyears of age has been shown to cause significantly more
sasevere cognitive and motor deficits than in older children
I ][18]. The biologic factors that contribute to this vulner-
deability are not understood yet. There is also experimental
¢sevidence and relevant studies suggesting that inadequate
neantioxidant reserves may be a determinant, or the inflam-
irrimatory response may be different in the developing brain
zaas compared to the adult [13, 16, 20, 21]. Despite of many
uzsuccessful clinical and laboratory investigations on TBI,
mmany questions and problems remain open and demand
uifurther investigation and understanding. New data, avail-
Jeable to improve efficacy of treatment and life quality after
ITTBI would benefit each patient with TBI.

The comprehensive understanding of pathophysiologi-
nzcal processes developing in the injured brain always de-
rimands proper understanding of the cerebral blood flow
J (CBF) alterations as one of the most important and play-
ning a significant role both in the disease development and
z)its outcome. In many cases of clinical and animal research

lit has been proven the essential necessity of monitoring of
Iblood flow measurements and there was found an interest-
ning data concerning the flow disturbances following the
finjury.

Given the pathogenicity of neurotrauma, it is surpris-
ning that only few studies have examined the role of CBF
iidisturbances in setting of TBI. The interest to CBF mostly
swas inspired by the clinical post mortem research in early
11980 s., that proves the dependence of TBI mortality to
iorimary or secondary ischemia during autopsy [1]. Clini-
zial investigations proved the key role of CBF in primary
Bdue to hypoperfusion) and secondary (mostly due to va-
ssospasm) ischemia in TBI. Currently, the clinical head
ifrauma guidelines are mainly focused on the maintenance
lof adequate cerebral perfusion pressure. Regularly, such
1an approach fails in the subacute phase, especially after
ssevere diffuse brain damage. Possibly, treatment failure is
ithe result of impaired autoregulation [7, 19].

It is well established that CBF decreases significantly
o'ollowing TBI in clinical patients [25, 32, 38] and in ex-

perimental animal models [10, 11, 25, 33]. Moderate to
severe TBI lead to severe reduction of CBF causing sec-
ondary ischemia to already injured brain tissue with al-
tered energetic metabolism and mitochondrial demands
[32]. The animal studies show the correlation between
trauma severity and reduction of CBF. The pathological
pathways of CBF reductions are impairment of cerebral
autoregulation and cerebral perfusion pressure. release of
endogenous vasoconstrictors, responsible also for inflam-
matory response, serotonin, endothelin, alteration in brain
tissue metabolism and ions transport, etc [4, 9, 35].

The application of investigation methods based on
Doppler effect allows to perform continuous monitoring
of cerebral blood flow and due to non-invasiveness and
simplicity of application they become one of the first
choice investigation methods in clinical and animal re-
searches, as transcranial Doppler, laser Doppler, etc. The
latter is on the leading position in investigations of re-
gional cerebral blood flow.

The main idea of papers that came out in 1990s was to
measure the regional blood flow by laser Doppler and
compare it with the existing methods, as the well de-
scribed radiolabeled microspheres [14, 36, 42], or hydro-
gene clearance [12] in context of TBI research.

Laboratory experiments demonstrated that TBI leads
to significant reduction in cortical CBF of mature and
immature experimental animals. Reduced CBF has been
shown in many models of TBI. Moderate fluid percussion
injury caused up to 50% reduction in CBF within 15-30
min after injury [42]. Controlled cortical impact reduced
cortical CBF by about 35 to 50% [8, 10]. The most recent
data of different investigators refer to continuous monitor-
ing of CBF in animals with TBI model, during few min-
utes up to hours, and due to technical difficulties there is
no data on subsequent next days and weeks [40], when-
ever clinical data show significant importance of ‘CBF
monitoring and repeated investigation during at least two-
week period after TBI onset.

This paper to our knowledge is to be the first reported
study of the continuous monitoring of the CBF during a
35-day-period of continuous monitoring in a large group
of mature and immature murine after experimental neuro-
trauma.
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Materials and Methods

All surgical procedures were done in accorda.nce to
and by allowance of Animal Care Protocol_s/Comrmttee of
the University of California in San Francisco, Ca, US.A.
Postnatal day 21 (n=50) and adult (n=50) C57BLK/6 mice
were anesthetized with 1.25% and 2.5% 2,2,2 tribro-
moethanol, diluted in isotonic saline at 0.02 ml{g tzody
weight respectively. Body temperature was maintained
with a circulating water heating pad throughout tl?e sur-
gery and recovery. All animals fully recovergd within 3
hours after surgery. Each animal was placed in a stereo-
taxic frame (David Koph, Tujunga, CA) for surgery. After
a midline skin incision, the soft tissues were reflected and
blood flow measurements were taken. The probe ‘was
placed approximately 0.5 mm above the exposed cranium.
While taking the measurements, the position of the probe
was fixed until the blood flow reached a constant value.
Then a circular craniotomy, 5.0 mm in diameter, ‘was
made with a micro drill between bregma and lamda wnl:x a
medial edge of the craniotomy 0.5 mm lateral to the mid-
line (Fig. 1).

Fig. 1. The mouse skull with the pointed site of the cranio-
tomy and further placement of laser Doppler probe

Following the craniotomy, a second blood flow meas-
urement was made from the surface of the dura mater.
When taking measurements from the dura mater, care was
taken to avoid grossly visible blood vessels. In the injured
group. the animal was then positioned in a stereotaxic
frame of the injury device and was subjected to a con-
trolled cortical impact injury [17], using a convex impac-
tor tip with 3.0 mm in diameter and oriented perpendicu-
lar to the surface of the brain. The injury was generated
using the following parameters: 4 m/s velocity, 1.0 mm
depth of penetration and the sustained depression of 150
ms. Following cortical impact, the probe was returned to
the same position and the measurement of blood flow was
taken from the surface of the intact dura. Sham-operated
animals underwent the same surgical procedures with the

exception of cortical impact. In b(')l.h groups, the scalp was
then closed with sutures. Each animal was given 1.0 ml of
isotonic saline subcutaneously after the operation to pre-
vent dehydration. In order to keep all variables constant,
prior to the final measurement of CBF from the same re-
gion above the site of injury. all am.mals were adminis-
tered a surgical dosage of ancslhemg and placed on a
warming pad. Subsequently, the anm.mls were deeply
anesthetized. Control sham-operated animals were eutha-
nized at 24 hours post surgery (n=10) and all other ani-
mals were euthanized at either 24 hours or 3, 7, 14 days
and 5 weeks post surgery (n=10). Animals were perfused
through the heart with 50 ml of 4% para formaldehyde in
0,1M phosphate buffered saline, pH 7,4 .

We used a laser Doppler device (LASERFLO BPM2,
Vasamedics, US) to measure cerebral blood flow. The
laser. Doppler flowmeter (LDF) measures relative perfu-
sion according to the principle of the “Doppler Effect.”” A
transmitter/receiver probe emits a monochromatic laser
light that is reflected by moving red blood cells [27, 39,
41], as well as stationary cells [27]. The moving cells ac-
cording Doppler effect are causing shift in frequency.
Both power and frequency of the reflected light are pro-
portional to the blood volume and blood velocity, and the
analyzer in the device computes the information of photon
scatterings into electrical signals. Blood flow perfusion is
calculated as a product of blood volume and velocity and
is expressed as an absolute value [27]. All the obtained
data were analyzed with Prism applications and evaluated

by t-fest and ANOVA. -

Results and their Discussion

The first comparison of the blood flow measured from
the intact skull and cortex proves the identity of the flow
as it is shown on Figure 2. This is an important finding for
the further evaluation of the cortical flow via cranial
“window”.

The measurements show a sufficient drop of flow right
after the injury in both groups of animals. CBF falls down
about 31% in adult and 33% in immature animals
(P<0.05, the difference between two groups is not signifi-
cant).

The further investigation was performed on the next
day, and a tendency to restoration of the CBF was ob-
served when the flow in adults reduced about 15% of the
pre-injury level, and increased about 15 % in babies
(P<0.05).

On the the 3d day blood flow continues to show a ten-
dency to restoration and the differences are less prominent
in adults (decreased about 5% of the pre-injury level) and
in babies (increased about 8%). There was not any statisti-
cally significant difference between those values again
(P<0,05, the difference is not significant).
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4i4Fig. 2. Comparison of the flow measured from the skull
Jngand cortex does not reveal significant difference of LDF.
L-gy-axis is the flow measured in mILD/min/100g tissue,
*9UP<0.05)

The most significant changes of CBF were recorded
ncon the 7* day, when in both groups the flow reached the
sichighest values at all investigation time points, 43 in adults
nfand 56% in babies compared to the pre-injury level of the
uliflow. On the 14th and 35th days we observed restoration
‘cof the flow in both groups (Fig. 3 and 4).

The mean values of the flow are presented by these
umumbers: the flow in the intact cortex is about 25 mILD/
irrmin/100gTissue +8 (in adults) and +5 (in babies) (P<0.05,
ilthe difference is not significant).

The fact of decreasing of the blood flow immediately
flafter injury still demands further understanding. Recently

Jit was shown the connection between the CBF decrease
mand NO level reduction after moderate TBI, increase in
ilthe cytokines expression [2]. Moderate, parasagittal ex-
scoerimental TBI caused a significant decreasé in absolute
Imlood flow as measured by LDF when compared with the
srespective baseline control group. Changes were observed
rawithin minutes of TBI and were not significantly different
Jat 30 and 60 min [6]. Trauma impairs the ability of the
soorain to regulate CBF, the cerebrovascular response after
[IrBI may be inadequate [S5]. Cerebral hypoperfusion and
rimpaired autoregulation also have been described in cats
lisubjected to fluid percussion injury TBI [14]. In rats sub-
imected to experimental TBI, CBF decreased [36, 42] and
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[*Fig. 4. The differences of LDF measurements of CBF in immature
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Fig. 3. The differences of LDF measurements of CBF in adult mice in
different time points, based on a percentage change from baseline
values (intact cortex) after experimental procedures

cerebral vessels ex vivo showed impaired vascular reac-
tivity [34]. After weight-drop closed head injury in rats,
studies using laser Doppler flowmetry suggested abnor-
malities of pressure autoregulation both in response to
increased blood pressure [37] and hemorrhagic hypoten-
sion [19].

One of the probable ways of its understanding is cere-
bral circulation, dramatically reduced regional and af-
fected general CBF. Blood flow to the brain is fundamen-
tally controlled by changes in diameter of resistance blood
vessels. In normal conditions the cerebral circulation has
the ability to maintain a stable CBF over a wide range of
cerebral perfusion pressures (CPP), this phenomenon is
designated as cerebral autoregulation and mainly repre-
sents the capacity of the brain’s resistance vessels to dilate
in response to a decrease in CPP or to constrict in re-
sponse to an increase in CPP. The caliber changes of the
autoregulatory vessels are mediated by myogenic, meta-
bolic, or neurogenic mechanisms [37].

The smaller arterioles dilate proportionally more than
larger arterioles at a mean arterial blood pressure below
physiological levels [24, 28]. However, the larger arteri-
oles tend to be more responsive than the smaller ones at
normal and increased levels of arterial pressure.

Cerebral microcirculation depends on the very delicate
interaction of vasoconstrictors and vasodilators, and TBI
is roughly interacting with that system, leading to release
of cerebral vasoconstrictors [15] and decrease in the pro-
duction, or affects the activity of vasodilators [3].

Another finding associated with CBF reduction at
early time points after TBI is the increased cytokine ex-
pression and production, though the role of their activity
changes is not clear yet [2]. Destruction of cortical regions
could effectively produce differentation in subcortical and
cortical target regions resulting in a reduced energy re-
quirement and metabolic rates. If flow and metabolism are
tightly coupled after cortical injury, reduced flow in some
of these regions would follow the reduced metabolic rate

[8].
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The blood vessel can participate in the regulation of
blood flow by altering its own structure, a process known
as vascular remodeling. This is an adaptation charactel:-
ized by changes in vessel wall thickness, matrix composi-
tion, and wall organization, which allows the va'sculamre
to cope with physiological or pathological conditions. The
processes involved in vascular remodeling include cellulgr
hypertrophy and hyperplasia, as well as enhanced protein
synthesis [26]. '

Some recent reports give similar data for succeeding
next two days after controlled cortical impact injury. Per-
formed measurements of pericontusional blood flow allow
to state that cortical hypoperfusion found within the early
phase following trauma is reversible and precedes a long-

ing phase of hyperperfusion [40].
lasusnog' fhe reduction of CBF immediately after severe TBI

onset could be explained by the changing histochemistry
of the brain and caliber of the vessels, but tl;e symmetric
changes in CBF in immature and mature brain on the 7th
day demand further investigation and understanding. The
most probable reasons of it could be the prevalence of
vasodilatation effect due to impairment of cerebral auto-
regulation and expressed production of vasodilators. The
similarity of cerebral hemodynamic disturbances in both
groups proves that CBF cannot be considered as one of
the reasons for increased vulnerability of the immature to

neurotrauma.
IToemynuna 25.07.06

Qmbnh wpyuh opgwhwnnipymip thnpawpwpwijul oEjpoppuyduwgh dunfwbwml
S.U. Uwbybpgwb

Qhmimbnh wpjwl 2pewlGuwnnoipjul fuwGqupmud-
Gtpp GEyponnpunjdwh dundwGwul Wb nbp G6 fuwnnid
hpjwnmpjui qupqugiwl L htwnlwGpGbph dby:
Syywy thopdwpupuui wfuwnwipmyd hnwgnun-
ymd GG wpywl pgwlwnmpyul fuwGqupnuiGhpp 35

opjuw dwijbnnd” Yhpuwnbiny (uqbpughG nonuybph
wwwpuwwp: Mwpqily E np wppuwl houpp gGuwu-
Juophg wldhgwwbu hbwn Glugnui E, hbmwqu
optph pGpwgpmyu YbpulwlqlGymd, hul 7-py opp
hwuGnd £ pupdpugniyG gmguGhyGhph:

Mo3sroeoe kpoBooGpamenne NpH FKCHIEPHEMEHTAJIBLHON HeHpoTpaBme

O.M. Maugensas

Hapyienus Mo3roBoro KpoBooOpalieHns npy Yepen-
HO-MO3rOBOif TpaBMe ABJAIOTCS ONHUMH M3 CaMBbIX
BaXHBIX MOKa3aTeJed THKeCTH M Hcxona 3aboieBaHuMA.
HecMOTps Ha KpHTHYECKYIO poiib LepebparsHOM reMoy-
HaMHKH, NOCIE[HAA M3yuyeHa HENOCTATOYHO M Tpebyer
JeTalbHOr0 pacCMOTPEHMA. B KauecTBe 3KCIepHMEHTaNb-
HOIt MozienH BeIOPAaHO KOHTPONHPYEMOe KOPKOBOE MOBpe-
XIEHHE Y IPLI3YHOB, NPHYEM W3MEPEHUS MO3rOBOM reMo-
AHHAMHKH TMpPOM3BOAMIMCE C NpPUMEHEHHEM anmapara
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