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Abstract

Background: Recently, cerebral autoregulatory capacity in husnean be studied
noninvasively by TCD. The degree of cerebral vaastalion can be measured by the
increased middle cerebral artery (MCA) blood flowrésponse to hypercapnea induced
by either administration of 5% CO2 or I.V acetamulde; few studies available on
breath hold induced cerebral vasodilatation. Calelmsoconstriction can be measured
by the decreased MCA blood flow in response to hgpoea induced by
hyperventilation. However, conflicting reports dxisn the modulatory effect of
hypercapnea (induced by breath holding) or hypoea (Induced by hyperventilation)
on the Ophthalmic artery (OPA) blood flow.

Objective: To demonstrate changes in MCA & OPA blood flowngsphysiological
stimuli: Hypercapnea (induced by breath hold) angpolcapnea (induced by
hyperventilation). Secondly, to investigate whetbernot OPA would respond in a
similar fashion to MCA, to the forementioned stimul Methods: 30 healthy
individuals were enrolled, .using a TCCD sonograpthe MCA and OPA were
insonated utilizing transtemporal and transorhitaddows respectively. A mean of 10
cardiac cycles were used to estimate the basectingol of Doppler derived spectral
wave forms regarding mean flow velocities (MFV) aresistant indices (RI). The
response of change of MCA flow or OPA flow to hygssnea induced by breath hold
(BH) was measured during the last 5 seconds andtth&ypocapnea induced by
hyperventilation (HV) was measured during 1.5mimed@h holding index (BHI) and
full range of vasodilatation of both arteries walgo calculated.

Results In 30 Middle cerebral arteries examined, durimgalth hold, the MFyca)
was significantly increased from a mean of 41.16&82m/s (range: 22- 54.33) to a
mean of 55.22+2.66 cm/s(range: 27.33-84.42) (p<0).080 significant increase of RI
obtained (P>0.05).. When performing hyperventilatidhe MFVmca significantly
decreased from a mean of 41.15+2.00cm/s (range5233) to a mean of 26.72
+1.72cm/s (range: 8.92- 53.33 ), (p<0.001). Theas significant increase in Rl from a
mean of 0.54+0.011 (range 0.38-0.68) to a mean .68#0.015 (range 0.38-0.8),
(p<0.001). The calculated MCA full range of vasatition was of a mean of %33.51
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(range 3%-103%). In 30 ophthalmic arteries examined, during Wbrehbld, The
MFV opa Significantly decreased from a mean of 18.492dmi/s (range: 7.33-32.33)
to a mean of 14.55+ 1.20cm/s (range: 7.67- 37 (@&)0.001). No statistical significant
decrease of RI during breath hold obtained. Wheropring hyperventilation, the
MFV opa Significantly increased from a mean of 18.492tr/s (range: 7.33-32.33)
to a mean of 24.09+1.27cm/s (range: 8.67 -40(p3)0.001). There was no statistical
increase of RI, (P: 0.05). The calculated OPA faiige of vasodilatation was of a mean
of 57.03%x4.53 (range: 22%-104%).

Conclusion: Ophthalmic artery flow behaves in a different apposite manner to
that of MCA in response to Hypercapnea and hypogapn

Key words: Middle cerebral artery, ophthalmic aytererebral vasoreactivity, breath
hold, hyperventilation, Transcranial Doppler

Abbreviations: MCA,middle cerebral artery, OPAhtmalmic artery, CBF, cerebral
blood flow,MFV, mean flow velocity,PSV, peaked &t velocity, DV, diastolic
velocity, RI, resistant index, BH, breath hold, BHbreath hold index, HV,
hyperventilation, TCD, Transcranial Doppler,TCCDaiiscranial Colored Doppler.

Introduction:

Cerebrovascular atherosclerotic disease may reasyimptomatic for decades, its
first manifestation as stroke can be sever and @eadly. It has been shown that
Pathologic processes affecting the brain vesselg daanage cerebral vasodilatory
capacity’”: therefore early detection of cerebral dysfunciays an important role in
the prevention of Cerebrovascular diseases.

Cerebral vasoreactivity may be defined as the ahtyabf cerebral arterioles to
dilate and to constrict to enable a constant catdiilood flow over a wide range of
change in systemic arterial blood pres$tfeln this sense it reflects the integrity of the
cerebral auto regulatory mechanism in normal iriligls or when possibly impaired in
several pathomechanisms e.g. cerebral ischemieaomt, cerebral microangiopathy,
occlusive disease of the brain, malignant hyperenbyper perfusion syndrome and
migraine!** 1)

When studying cerebral vasoreactivity, it seeeasible to shed light on certain
anatomical and physiological considerations relaeMCA and OPA, as these aspects
bear vital interrelationship with the present irtigegion.

Middle Cerebral Artery (MCA): Anatomical backgnad:

Is the largest branch of ICA; about 18-26 mm glowith a diameter of
approximately 3 mm, supplies most of the hemisphaotuding the bulk of the
convexity™?.

Angiographically, MCA is divided into 4 segme(fitg.1): M1, describes the artery
from its origin to the limen insulae, where thetiemlostriate arteries arise, M2 is the
segment that runs along the insula, M3 follows dperculum superior to the insula ,
M4 describes branches of the MCA that perfuse pehd entire convex surface of the
cerebral hemisphef& 1°)-
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Figurel. Middle cerebral Artery segments

Autoregulation: CBF is maintained at a constaneléw normal brain in the face of the
usual fluctuations in blood pressure by the proassautoregulation. It is a poorly
understood local vascular mechanism. Normally a&gfgliation maintains a constant
blood flow between mean arterial pressures (MAP)NBOHg and 150 mmHg":
Literature review:

There are several physiological factors thaedffor change cerebral blood flow
(CBF), of these: Rises in CBF due to hypoxia, hgppnea (raised blood G This
phenomena has been frequently used to measurealerabomotor reactivit{®)

It is to be pointed out that various studies exising different provocative measures
for assessing cerebral vasomotor reactivity: Ditedt expensive techniques e.g. using
positron emission tomography (PEP)in which cerebral vasoreactivity is assessed as
an interrelationship between cerebral blood volu@8V) and cerebral blood flow
(CBF). Other indirect technique which provides mfation about cerebral
vasoreactivity is by simulating intracerebral adks to dilate: By inducing
hypercapnea, by increasing arterial BC@ by intravenous administration of 1g
acetazolamide’®. This technique is dose dependant and Diamox sasseeral
unpleasant symptoms including disturbances of tastadache, and nausea and
vomiting.

Much easier method which provides comparabitorination about cerebral
hemodynamic is by means of studying the intermehestnip between cerebral blood flow
and PCQ using TCD of the middle cerebral artery (MGR)'? In these studies,
hypercapnea is achieved by breathing a fixed mextufr5% CO2 or by intravenous
injection of acetazolamide. However, a simple aad mvasive method was utilized to
assess cerebral haemodynamic using a T€Dby monitoring the effect of breath
holding with or without consecutive hyperventilatioThis hypercapnea-hypocapnea
semi quantitative technique has been shown toer@athaped CO- CBF curve; an
increase in blood flow velocity of more than 15%c@nsidered to be sufficient to rule
out impaired cerebral vasoreactivity 2%

Recently, breath hold index (BHI) with TCH' 2” was introduced as a parameter to
assess vasomotor reactivity of the cerebral vepssljded the patient is compliant and
able to hold breath for at least 30 sec. This ingegalculated using the mean flow
velocities of the MCA obtained by TCD before breatiiding (MFVbaseline) and at
the end of 4 sec ( MFV end) of breathing after & af breath holding test, applying
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the following equation: BHI=[ (MFVend — MFVbased )/MFVbaseline ] X [(100 /
seconds of breath holdf}’.

It was proposed that the normal values of B#examounts to 1.2+0.6; values of
less than 0.69 is considered as a predictive @&f afsstroke in patients with severe
asymptomatic ICA stenosis and symptomatic occluébr® 2 This noninvasive
maneuver can be used in outpatient clinic or atdiéel to screen patients for vasomotor
reactivity particularly those with ICA impaired flo®® 22 However, an important
limitation of this technique is that a relevant raenof patients are unable to hold their
breath for the longest time possible after normsapiration, further, it is so difficult for
some patients to perform this test particularlysthwith chronic obstructive pulmonary
disease “COPD” or impaired left ventricular perfamae.

More recently, it was suggested to combine botrathrdrolding (hypercapnea) and
subsequent h%/perventilation (hypocapnea) with TEhe MCA for assessing cerebral
vasoreactivity"” *2 The full range of vasodilatation was calculatedtae rate of
increase of MCA flow on breath holding and its @ese on hyperventilatifrit®
using the following equation:
100 x[Vmca (hypercapnea) — Vmca (hyperventilatibfryjca (rest).

Ophthalmic Artery (OPA): Anatomical Background:

The ophthalmic artery is the first major bratclarise from the internal carotid artery
(ICA). It originates just after the ICA penetrateg dura to enter the cranial ca{)'iﬂ(
Fig.(2) ©. Occasionally it arises from the ICA within theveanous sinus before dural
penetration. After very short course in the cramgavity (2-7mm in length), the
ophthalmic artery again penetrates through the dndaenters the optic canal where the
artery runs alongside the optic nef/8 to supply the eye and other structures of the
orbit. Just before the ophthalmic artery crossesaiptic nerve the central artery of the
retina branches out which is the most importanhdinaas it supplies the major blood
flow to most important branch, as it supplies thajon blood flow to the retina via
branches which include the central retinal arténg, shortand long posterior ciliary
arteries, and the pial arteries. OPA also supglipatch of skin on the medial aspect of

the forehead to communicate with branches of thereal carotid artery.

Dorsal nasal ~— Medial palpebral
f Frontal Supraorbital
| ‘ l‘
] |
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T

{: Zygomalic branches
v of lacrimal

Figure 2. Ophthalmic artery
Literature review:
Concerning studies on OPA vasoreactivity, as steselier, the ophthalmic artery is the
origin for the blood supply to the optic nervevadl as the retina. Therefore, the
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vasoreactivity of this vessel to G@nay have important clinical implications. The
available studies on this subject are few androweatsial: In a study performed in
eight healthy awake subjects tested for Ophthabrtiery CQ-reactivity using TCD ,

it was demonstrated that that OPA blood flow gjoincreased with hypocapnea, but
is unaffected by hypercapri&a In this study hypercapnea was achieved by latioa
5% CGQ in 40% oxygen for three minutes.

In another stud{/”performed in 30 adults, using color Doppler imagitgvas found
that hypercapnea (mean end tidal G@creased from 36.4 mmHg to 42.5 mmHgQ)
increased OPA PSV by 13% and the mean end ta@s®&ocity EDV by 26%, with
marked improvement in retrobulber haemodynamic.il&mnesults were obtained in a
study performed in 8 healthy subjects, using TCEhmique'®, acetazolamide induced
hypercapnea was reported to cause increased flisetimMCA and OPA. On the other
hand in a study performed in 10 healthy subjecig)gu2-vessel Transcranial Doppler
sonography?), CO2 inhalation was found to cause a decreaséiy fw velocity and
increase in ipsilateral MCA flow velocity.

The present study was devoted first, to demotestreodulatory changes of MCA &
OPA blood flow to hypercapnea and hypocapnea ughgsiological stimuli
Hypercapnea (induced by breath hold and hypocafindaced by hyperventilation).
Secondly, to investigate whether or not OPA wowddpond in a similar fashion to
MCA, to the fore mentioned stimuli; such stimuliyraccur during daily activities.

Subjects and Methods:

The study was conducted on 30 adult healthy st age ranging between 20-60y
(Mean+SEM: 36+1.80), 20 were men and 10 were wont&manges in MCA and
ipsilateral OPA blood flow were measured in the sandividual using Siemens Versa
Plus Sonoline equipment, (230V PAL version, Germanith Color flow and TCD
facilities. A phased array probe of 2-2.5MHz wasdi® insonate the MCA and a linear
probe of 7.5- 10MHz to insonate the OPA. All subgewere allowed to rest quietly and
examined in supine position. Before proceedinghi® definitive recording, subjects
were trained to perform the procedure of breatldingl and hyperventilation correctly.
To study the MCA blood flow velocities, the subjeas asked to breathe normally, the
MCA was first identified, usually M1 segment (Fip.by color flow utilizing a
transtemporal window. To obtain MCA spectral wawenf, PW Doppler sample
volume was place in the middle of the artery, abagle of 0° and the means of PSV,
DV and RI of 10 cardiac cycles were measured. Tleammflow velocity baseline
control of MCA (MFVmca) was calculated as [DV+1/$%-DV)] ). To demonstrate
the response of MCA flow to hypercapnea, the subjes asked to hold breath, for a
longer time possible, after mild to moderate deggpiration; the changes of blood
flow of MCA is calculated as the means of the abated parameters during the last 5
sec.(Fig.3). The mean flow velocity of MCA to biedtold (BHmca) was calculated in
the similar manner as above. The breath hold in@#tl) is calculated as BHI=[
(MFV eng— MFVpaseling/MFV paseiine] X [(100 / seconds of breath hold)]. To demortstra
the effect of MCA to hypocapnea, the subject wakedsto perform moderate
hyperventilation for 1.5 min, the Doppler specpratameters of changes in MCA blood
flow and the mean flow velocity of MCA to hyperveation ( HVmca) were calculated
in the same manner as above (Fig.3). The full rasfgeasodilatation is calculated as
100 x [ Vmca(hypercapnea) -Vmca(hyperventilatidiyjnca (rest)

Regarding OPA Doppler study: In the first platéstory was taken to rule out
previous eye disease, e.g. glaucoma, retinopatley@rsurgery concerning intraocular
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lens implantation. To insonate OPA, a transorbitsdow used, by placing the probe
directly on the eye ball, keeping the head and stigkght. Care was taken to minimize
the power of the equipment at the lowest level isbest with satisfactory recordings; a
stretcher used to support the handheld probe $d&éleping the probe just touching the
closed eye lid. A sufficient length of OPA segmeas identified by color flow, and
then Doppler sample volume was placed in the midtitee artery at 0° to obtain OPA
wave form during normal respiratory activity. Theeans of PSV, DV and RI were
taken as a baseline control (Fig.5). The effecthydercapnea (breath holding) and
hypocapnea (hyperventilation) on OPA blood flow doll range of dilatation were
studied using the above described protocol appbedCA. All data were videoed and
stored in PC computer for further analysis

Statistical Evaluation: All values were given asanzSEM. Paired T test was used
and the differences were considered statisticaipifsicant at = 0.05. Correlations
between variables were analyzed using SPSS proggesion 12.

Results:
30 Middle cerebral arteries as well as 30 ipsitephthalmic arteries were studied
during breath holding and subsequent hyperverdiatBoth MCA and OPA spectral
wave form tracings were noted to exhibit pulsatliphasic high diastolic flow with
Spontaneous fluctuating pattern. Such oscillatbMCA flow was found to be more
pronounced in young individuals and less apparettie elderly (Personal observation).
MCA Vasoreactivity:
Figure 3, a and b, an example of Doppler dersectral waveform which illustrates
respective increase of MCA blood flow during breathiding and decrease of flow
during hyperventilation in a normal individual.

a. MCA flow: Breath hold b. MCA flow: Hyperventilation
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Figure 3. Doppler derived spectral wave form showig changing of MCA blood flow during breath
hold (a) and subsequent hyperventilation (b) in a ormal subject.

During breath hold, there was statistically gigant increase of PSMca) from a

mean of 64.53+3.31cm/s ( range: 34- 110) to a noa®3.03+3.75cm/s (range: 42-
125), p>0.0001, and diastolic velocity k¥, increased from a mean of 29.47+
1.48cm/s (range: 15-42) to a mean of 42.085+2.34¢rahge:18-69.75), p<0.0001.
The mean flow velocity (MFW.) was significantly increased from a mean of
41.15+£2.00 cm/s (range: 22- 54.33) to a mean d#&2.66 cm/s (range: 27.33-84.42)
p<0.001, figure 4,(a). No significant increase dfdBtained, the decrease of Rl was
from a mean of 0.54+£0.011 (range 0.38-0.68) to amef 0.51+0.013 (range 0.38-
0.71), Fig 4(b).

128



Kufa Med.Journal 2010.VOL.13.No.1

The % Change of MCA flow during breath holdingsn30.75 % (range 12.8-59.8).
The calculated breath hold index (BHI) of MCA wdsaanean of 0.764+-0.051(range:
0.394 - 1.27.

When performing hyperventilation, there wastistigally significant decrease of
PSVimca) from a mean of 64.53+3.31cm/s( range: 34- 110)a toean of 45.86+2.84
cm/s( range 16.75-88), and the [\, significantly decreased from a mean of 29.47+
1.48cm/s (range:15-42) to a mean of 17.14+1.28scfrdnge:5-36) p<0.001. The
MFV mca) Significantly decreased from a mean of 41.15+2/8qfrange: 22- 54.33) to a
mean of 26.72 +1.72cm/s (range 8.92- 53.33), p<Q.GQure 4,(a). There was
significant increase in RI from a mean of 0.54+Q.qfdange 0.38-0.68) to a mean of
0.63+0.015 (range 0.38-0.8), p<0.001, figure 4 (b).

Bars illustrate comparisons between RI of MCA & OPA during
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Figure 4. (a) shows the response of MCA flow to bath hold and hyperventilation in 30 MCAs.
MFV: mean flow velocity of MCA as a baseline contr MBH: mean flow velocity of MCA during
breath hold, MHV: mean flow velocity during hyperventilation. (b). Bars illustrate comparisons
between resistant indices “RI” of MCA & OPA, during breath hold “BH” and hyperventilation
“HV”. RIMCACON: RI base line control of MCA flow. R IOPACON: RI baseline control of OPA
flow

The calculated MCA full range of vasodilatation wafsa mean of 6+3.51 (range
33%-103%), figure (7).

OPA Vasoreactivity: Figure 5(a) and (b) an exangdl®oppler derived spectral wave
form showing respective decrease of OPA flowmyireath holding and an increase

of flow during hyperventilation in a normal indiwiel.

BREATHHOLD

1

kb
Vit

Figure 5. Doppler derived spectral wave form showig changing of OPA blood flow during breath
hold (a) and subsequent hyperventilation (dp a normal subject.
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During breath holding, there was statisticaltyngiicant decrease of PQ)afrom a
mean of 34.56x1.72cm/s (range :12-55) to a mea®6d8+1.75cm/s (range :10-51),
p<0.001, and the Dy significantly decreased from a mean of 10.48+®@%¢
range:4-21) to a mean of 8.39+1.02cm/s (range: )3;3®<0.001. The MF¥pa)
significantly decreased from a mean of 18.49+1.18dmange: 7.33-32.33) to a mean
of 14.55+ 1.20cm/s (range:7.67- 37.00) ,p<0.001h shatistical significant decrease of
RI during breath hold obtained; the decrease was f mean of 0.703+£0.017 (range:
0.53-0.86) to a mean of 0.67+0.019 (range: 0.45)0fure (6).

When performing hyperventilation, there was stia@dly significant increase of
PSVopa) from a mean of 34.56+1.72cm/s (range: 12-55) tmean of 45.25+1.93
cm/s(range:18-62) P <0.0001, and significant ireeeaf DVjopa) from a mean of
10.48+0.91cm/s (range:4.0-21) to a mean of 13.8MA&In/s (range:4-31), (p<0.001).
The MFVgpa) significantly increased from a mean of 18.49+1rfi&c (range: 7.33-
32.33) to a mean of 24.09+1.27cm/s (range: 8.6773)0 p<0.001, figure (6). There
was no statistical increase of RI, P :> 0.05, thedase of Rl was from a mean of
0.703+0.017 (range:0.53-0.86) to a mean of 0.7@b®H(range:0.41-0.83), figure 4(b).

Bars illustrate MFV of OPA during breath hold and
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Figure 6. Shows the response of OPA flow to brdatholding and hyperventilation in 30 OPAs.
MFV: mean flow velocity of OPA as a baseline contip MBH: mean flow velocity of OPA during

breath hold, MHV: mean flow velocity during hyperventilation .

The calculated OPA full range of vasodilatation was mean of 57.03%+4.53 (range:
22%-104%)), (fig.7)

As compared with MCA, there was no statisticahgigant between the two arteries
(fig.7)
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comparison between full range of vasodilatation of MCA & OPA

70009 during breath hold(BH) and hyperventilation (HV)

12000 Box plot showing the difference in full range of ..
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Figure 7. Demonstrates Comparisons between the fuhnges of vasodilatation of MCA and OPA.

Discussion:

Cerebral vasoreactivity describes the abilitytha# cerebral circulation to respond to
vasomotor stimuli; the changes in cerebral blood/fin response to such stimuli can be
studied by TCD. This technique is rather cheeppkrand can be done at bed side or at
outpatient clinic.

The Doppler derived spectral wave forms of both AMM@nd OPA obtained in this
study, showed a fluctuation of flow. This patternflow has been demonstrated by
several workers who also regarded MCA flow as adgoepresentative of CBF, as
MCA carries approximately 80% of the flow volumece&ved by the cerebral
hemispheré®?. In another study, Newell et &P, Droste et & attributed such
fluctuations in CBF to intrinsic mechanism of tlegulating arteries, resulting in phasic
dilation and contraction of the arterial smooth-plescells of the regulating arteries.
Further, Terry et&® explored the mechanism underlying MCA oscillatifigw and
hence CBF fluctuations was due to involvement ahlftuctuations of arterial blood
pressure(ABP) induced by respiration and cerelutdragulation. These facts would
justify our protocol of taking a mean of 10 cardacles flow measurements during
baseline control of MCA or OPA flow and when penfiang the procedure. The more
pronounced fluctuation in younger age groups tharthe elderly, observed in the
present study, would indicate compliant vesselsraag be regarded as healthy sign.

In the available literature reports, little imfwation provided on the estimation of
MFV; the calculated mean velocity values were freglocity samples using the mean
of systolic velocities in at least 10 to 15 heartles ®. In the present study, since
cerebral blood flow is pulsatile, the estimationMFV adopted was according to the
formula [DV+1/3(PSV-DV)]. Such estimate would prdei a reliable indicator of the
effective flow or changes in cerebral blood flowthe stimuli performed.

Further, we are of the concept of using physichgstimuli to induce vasomotor
reactivity comprising breath holding followed by bsequent hyperventilation. In
previous studies, using G@dministration to induce hypercapnea, it was regothat
certain adverse effects may develop including errice or episodes of angina like
symptoms™*®. It is to be pointed out that it is difficult f@ome subjects to hold breath
for 30 sec to induce the response of change in MCAPA flow, therefore, it seems
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feasible to perform breath holding after mild todarate deep inspiration as suggested
by some investigatof). Further, in other studies the period used forfquering
hyperventilation was 2min.; in our study, the pdriadopted for performing this
procedure was 1.5 min. This period was chosendoegnmt dizziness and the response of
change in MCA or OPA flow was noted to reach adtestate during this period; no
appreciable change in the response occurred irethaining half min.

The results of mean base line control of MCA ar®ACare rather consistent with the
previous studies; however, the results of MFV Hase control are slightly lower than
that previously reportéf*®) This slight discrepancy may be attributed to técal
cause, as the angle of insonation of MCA was nabanced in these studies. Further,
data on diastolic velocities or resistant indigethiese studies are lacking.

The finding of consistent and significance inse@ MCA flow to breath holding is
in accordance with previous studies, using breatid hmaneuver after normal
inspiratory breath or using G@nduced hypercapn€8. The lack of significant change
in RI may be attributed to the increase of bothdigsand diastolic elements during
breath holding. The consistent and significantrei@ee of MCA flow in response to
hyperventilation is similar to those previously derstrated® 13 16-26)

Markus & Harisson in their popular contributieported in 17 healthy individuals, the
BHI was of a range of 0.47- 2.56 and the full ran§&asodilatation of MCA after 5%
CO, administration was 50% -140%. Our results werehslijgower, the BHI was of a
range of 0.394 - 1.27 and that of the full rang&agodilatation was 33% -103% . This
controversy may be due to the fact that longer tohéreath holding tolerated when
using the maneuver of breath holding after milchtwderate deep inspiration.

Concerning changes of OPA flow: In contrast t&A] breath holding (Hypercapnea)
resulted in significant decrease in the mean ORXv fof both systolic and diastolic
elements. This finding is in agreement with thatoréed by Harer and Thonf8svho
showed significant relative decrease of OPA v@&odn response to increase in end-
tidal CQ, pressure by 5 mm Hg. Conversely, this result iflmiing with that obtained
by other investigators who demonstrated that hygarea induced by GO resulted in
either no change in OPA floft¥ or increase of OPA flo#?. Whereas acetazolamide
induced hypercapnea resulted in increase of OP# flb In all above cited studies
OPA was insonated at a depth of 50mm. It is pantite point out that insonating OPA
is not an easy task; the best way to obtain redserl@w is by color flow mapping.

On the other hand hyperventilation (Hypocapnesgulted in highly significant
increase of OPA flow. This result is in accordandth that reported by lorri et &°.

The results of the present investigation dematestthat ophthalmic artery behaves in
a different and opposite manner to that of MCA esponse to hypercapnea or
hypocapnea induced by physiological stimuli. A fels explanation for these
modulatory effects is perhaps due to the occurrehtsteal effect” during hypercapnea
induced by breath holding which is known to haveignificant dilatory effect on the
large cerebral blood vessels resulting in reductadnflow velocity in the OPA
.Conversely, during hypocapnea induced by hypeitation an “inverse steal” may
occur, as hyperventilation has a profound consitrieffect on cerebral blood vessels
with the result of increased flow in the OPA. Fertinore, the finding of increased flow
of the OPA on hyperventilation may be explained tbe bases of the following
argument: It is known that hyperventilation resutlisan increase of cardiac output
through increase of heart rate and stimulation wimpnary stretch receptors. As a
result, “retrograde” flow in ophthalmic artery ocsuthrough many anatomic
connections with branches of the external caratiera® *4"

132



Kufa Med.Journal 2010.VOL.13.No.1

Our Data may provide a “gold standard” for et study. This work was extended to
investigate the effect of sildenafil on cerebrasaaactivity (MCA&OPA blood flow)
in normal individuals and Type2 diabetic patierfd®me avenues for further research
may be suggested, e.g., studying the effect oesdlll on central retinal artery vaso
reactivity.
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