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ATH. Marshal Subrotn Mukerjee, dur o his
unfailing interest und foresight, established medical
serviee too cater to the needs of the Air Forcco
e 1o his patronage and support the well-known
National Institute of Aviation Medicine, the first
of ity kind in Asiz came 1o be founded, Indeed his
humanism aned his sincere interest in the health and
bappiness of all ranks made liim a pioncer in the
field of maintaining high efficiency of the air wing
of the Armed Forces. I consider it a rare privilege
for me to be honoured to deliver the VIeh Air Mar-
shal Suhroto Mukerjee Oration,

For over a decade that I have been a honorary
consultant to the Armed Forces, the problems which
[requently came [or scrutivy were the health difh-
culties of trained pilots who sometimes during
Hight had @ black out ora fit. Decizion had to be
talten a5 to the flying fitness of these officers.  Chmire
ofren it Had not been an casy rask and even when the
final conclusion was arrived ar, a Iurking doubr
remuined as oo whether 1t was a decision without
any flaw. This waa the dilemma which lead me to
0 inte the warious aspects of thit episodic illmess
which eould be catastrophic. The nagnitude
of this propesition has heen adequately discussed in
two. recent publications {1-3). In this oration T
shall deal swith— The dynamics of brain mech-
anisme in neurslogical dysfunction during fiying™,

A lat of imporrant advances have been made
and the concept of compartmentation in the brain
(Waclach 1961 ; Tower et al, 1951) has been wvaory
helpful o clarify the understanding of brain func-
tions under siress, 'There are intra and intercom-
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partmental dynamica which operate and determine
the salety or otherwise of the nervous system when
it negotiates the [light emergencies,

These compartments consists of :—
() Vusculur compurtment

(fi) Cerehrospinal fAuid and extracellular space
compartment, and

(iif) Cellular compartment in which the meta-

bolism of neurons and newroglial cellsis

involved,

Although in clamsification these compartments
are segregated but in function they areso closcly
dependent and correlated to each other that they
aperate as one unit and any change in the adjust-
ment of one necessarily lead to a corrcsponding
adaptive change in the other two. ‘Thus functional
efficiency and a proper homeostasis of -the melieu
interior in thess compartments is well looked after.

The Vascular compirtment
This consists of—
(a} the big wvessels at the basc of the brain all
bying in the subarachnoid space,
(#) the arterioles which penetrate the brain
substance leading to,
{¢} the

i intercerebral capillary sydstem  both

arterial and venous and,
{d} the venous sinuses and veins lying on the
surface of the brain,

Euch onc of these segments of the total vascu-
lature which participate in the autoregulation af



Lrain circulation has some special fearures which
act a3 safcty measures during the acceleration
Stresses of flight.  Failure at any stage leads to such
emergencies us black outs and fits leading to un-
consciousness or coma.

(g) The big vessels at the basc of the brain
lying in the subarachnoid space— Recent demon-
stration of chordac system by the Russian workers
(Aruthiunovx et at, 1974) has greatly facilitated
to understand some of the problems of cerebral
circulation in  acceleration and  deceleration,
These chordes are [ibroclastic structures whick
have various types ol relationship in their attach-
ment to Lthe vessels and the lining of the subera-
chnoid space,

Type | chordag: They stabilise the position
of an artery with reference to the wall of the
C.5.F. pathway in which the artery les, A cross
section of the U,8.F. channel with an artery located
in it shows these chordae clearly. They suspend the
artery from the walls of the C.S:F. channel, One
end of the chordac is interlaced in the arterial ad-
ventitin and the other end is fixed to the wall of the
channcl, A variation of this type sometimes form
a knd of hammocek in which (e artery rests, hoth
ends of chordae being fixed to the walls of the C.S,
F. channel, Another variety which characreristi-
cally iz present for the posterior inferior ccrebellar-
artery has the form of brackets consisting of short
und interanastomosing fibrils binding the vesssl to
the surface of the cerebellum,

Type 11 chordac : They operate to keep the
configuration of the loop or bend of a vessel in
a stabilised state without too much of an alteration
in its shape, These chordae are like bowserings
with auxiliary fixation points on the concave side of
the arléry. Apparcntly thev silow the shape of the
curve to change only within certain limits.

Type 1II chordae: This varicty serves the
purpose of keeping the branches of an artery in
u certain relationship with the parent vessel without
ton much variation in the positional relationship.
They often are in the form of 2 rein with a loop ax
onc end through which the branch of the artery
passes.

The three types of chordae with a thickness
varying from 25 u 10 200 4 are abundantly present

i

in vesicls as [ar as the point where they dip into the
cerchral cortex. They are however completely
absent in so far as the veins are concerned.

Their normal lunction is that they control the
position of the arteries in relation to the walls of the
C.5.F. pathway at the base of the brain and upto
the cerebral cortex.

They limit physical deformation due to arerial
pulsation or respiratory displacements. They are
clfective agents in preventing displacement and
deformation of arteries during acueleratory or
deccleratory siress und thus prevent any changes
in circulation which may sometimes produce black-
vuts and syncope. Such sudden ulterations in
circulatory dynumics often are far bevoud the
runge of autoregulation mechanism te cope with,
This has been demonstrated in monkays by giving
4 meter per sccond impact trupdyersely at tempros
parictal und occipital regions and doing high speed
angiography (Shatsky, 1974). Tt has been scen that
this type of acceleration produces ipailateral transi
tory-displacement of unterior and middle cerebral
arteries when foree is applied to tempro-parietal
region und middle cerebral and posterior cerebral
arteries with occipital region impact, There are
also similar displacements that are momentary and
are corrected within a very short time,

There is onec more funcdon attributed to those
chordae. They not only act mechanica iy but alse
contain in them neuronal elements which operate ra
give rise to segmental tonsiriction of a wvesss]
thereby controlling an abnormal surge or deficiency
of blood flow. These neuronal elements are present
inthe form of one or mare gunglion cells which
send their axons to end on the vasculature of the
artery, They are regional and localised structures
but some of them receive sympathetic fibres from
the superior cervical sympathetic ganglion which
sends sympathetic fibres along the carotid and
vertebral arterics;

(&) Arterioles which penetrate the brain sub-
stance :  These continue to subdivide till they form
the terminal and meta-arterioles which have
considerable reduction in the muscular luyer. Ex-
cept for the inmitial arterioles near the pial
surface which are supplied by the same sympathetic
supply which inpervates the hig vesscls outside
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the eerchral tigsues, the terminal and meta-
arteriols get their innervation from the ascending
axons which belong to neurons situated in the brain
stem forming the central autonowmic system. Elee-
tronmicroscopically it has heen shown {Cervos-
Navarro and Malakis, 1975 ; Raichel et al, 1975 and
Renols and Nelean, 1975) that the muscular walls of
the terminal and mewa-arterioles have on them axon
terminals containing vesicles of neuro-transmiceers
Alsoatimalatien of certain leealized neuronal pools
in the brain stem sterotaxically leads to cither
vasncanstriction or vasodilatation of these vesscls
{Meyer et al 1671}, It is easy o surmise from these
findings that any transitory acceleratory force which
produces revarsible displacement of brain stem ean
easily produce wide-spread vasoconstriction or
dilatation of intracerchral blood wessels which due
to changes in blood flow affeet pH and gasscous
exchange of OO0y and O precipitating evanescent or
more lasting sympromatology of black outs, fits and

Iyneope.

(¢) Intracerebral capillary sysiem (Zweifnel
1961) starts where the srieriolar system ends, These
vesdels have a well developed endothelial lining with-
out pores but with distinct tight junctions, a thick
barement membrane confaining gscatiered pericytes
and @ well defined covering of astrocytic footplates.
This entire structure complex is called the blood
brain barrier, CQuite often in this capillary bed
there are alio  seen thoroughfare vessels associated
with a bunch of capillaries around them, There
are also demonstrated some narrow sphincter like
structures at the site of angnlar branching off of
capilluries arising from the arterioles. In capillary
beds in which thoroughfare wessels are present,
most of the (ime the blood flows in these vessels
rather than through the whole capillary bed. Also
when the sphincters at the bifurcation function,
they block the entry of RBC but allow the plasma to
circulate through the capillaries intermittently.
This capillary system has thec same type of nerve
supply from the brain stem asz on the arterioles but
here it controls the permeability rather than the
cantractility.

This very extensive wvasuclar bed is the chief
site of aurorepulation of cercbral circulation which
on one side is influenced by blood flow in the big
extra-carchral arteries and intracerebral arterioles
and on the other zide by the lunctional state of the
venous system Ted by the capillary bed,
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This is the region in which circulatory change
are by and large regulated by the local biochemical
melieu ie. PI1, GO; and oxyren content; bioamines
and othecr vasoactive substances contained in the
surrounding interstitial fluid and the Q.51F, com-
partments.

Under influences of strain and stress due to G
forces during acceleration and deceleration pro-
ducing cireulatory and biochemical changes, the
permeability of the vast veseular bed i effected
leading to leakage from the vessels ending in
cerebral vedema of varying degrees. This may be
reversible or irreversible, Whether the oedema is
due more to intracellular or extracellular [luid
retention, depends on the degree of anoxia or the
failure of autoregulation, therefore the former
leading 1o intracellular and the latter to extra-
cellular fluid retention,

This dilfuse bur irregular pathological change
produces symptoms such as acute headaches, giddi-
ness, unconsciousness of varioud grade with [ocal
or genecralized Hr, Quite often there are sccn
associated changes in the fundus and other systemic
symptoms involving respiratory and circulatory
systems.

Cerebrospinal fluid and the extracellular space
compartment.

This system is also called the 3rd circulation
(Milhorat 1975). The cerebrospinal fluid is formed
60% by choroid plexns and the rest of 409 is
formed in the bLrain substance at the blood brain
barrier level, or by the astroeytes. The former
chiefly i contained in the ventricular system and the
latter in the extracellular space of the brain sub-
stance. There is however a free mixing up of the
C.5.F. flowing in the two types of spaces, eg:
ventricular and extracellular space, cither through
the ependymal lining or by an active transport
system in the astroglial cells by dint of their pro-
cesscs which end on the lining of the snbarachnoid
space. The concept of formation of C.5.F. in the
brain substance to the extent of 408 of the total
has greatly belped to understand some of the patho-
logical changes as extracellular cedema of the brain
under effect of D, forces. These forces seem to
disturb the permeability at the biood brain barrier
sites or the function of astroeytes or both. Essens
tially these elfects are brought about by altered
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circulatory dynamics in the vascular compartment
which consequently changes the 02 supply, the GO2
tension and pH variations.

Cellolar compartment

Cellular compartment consists mainly of
ncurones the ncuroglial cells and the intracellular
and extracellular fuid contents, Metabolie changes
produced in  these cells due to flying  stresses
mentioned alrcady lead to circulatory changes and
changes in the composition and dynamics of
cerchrospinal fluid and the fluid in the extracellular
spaces. It may he emphasised here that composi-
tion and movements of the extracellular fluid which
formy the immediate environment of the nerve and
glial cells has important morphological charac-
teristics which determine the specificity of function
of these celly,

Ontogenitically these spaces are wide in
infancy and form intercommunicating  nerwork
(pysh. 1963) in which the Auid medium has a wide
and uniform ellect on the dynamic cell bio-
chemistry, As the cells multiply the intercellular
fpace not only becomes narrow but also shows
differentiation such as to scgregate pools of cclls
which have a common funcrional activity. Such
itlets nsually have a narrow outlet which establishes
communication with the adjacent pool. In thiz way
the intercellular spuce has extensive communication
in general but it also is compartmentalized for the
individual ecll aggregations which are differentiated
in their specific function,

Any derangement in fluid flow in thess channels
influences the specific metabolic and electrical func-
tions of the cell colonies leading toa variety of
symptomatology depending wpon the particular
function of the region. Thiz cffect may be focal
when the damage is limited but is more diffuse
when there is exrensive oedema imvolving large
parts of the brain. The metabolic changes are
complicated involving the substrate, enzyincs, and
also electralytes in the ccll soma and synapsics but
cssentially they are bronght about by hypuxia, hype
or hypercarbiz and pH changes conscquent to the
circulatory changes of blood, of €. 8. ¥. and
extracellular fluid.

It 13 well known that respiratery alkalosis (Csi-
vos-Navaro et al, 19711 due to hyperventilation fre-
quently lcads to marked increase of blood flow in
the white matter and electronmicroscapically there

is vedematous swelling of astrocytes. “I'his is asso-
ciated quite often with decreass of micropinocytoses,
In acidosis due to hypoventilation on the ather hand
there is decompensation of cortical blood flow as
the time passes by and the electron-microscopic
picture mainly shows the clumping and diminution
in number of synaptic vesicles. Astrocytes do not
show uny structural chunge.

Whenever changes in neuroglial tissue oecur it
invariably is associated with accumulation of glyco-
gen in these cells, ‘This has been proved experiment-
ally to be due to oxygen deficiency and increased per-
meability of the blond brain barrier which is vasoe-
genic and not eytotoxic in nature (Klatzo, 1971).
The preferential site of damage is the white matter
and the oedema fluid is vich in sodium chloride and
proteins.  This is different to 1) eytotoxic ocdema
in which grey matter is the primary target of change
ar 2) brain inflation in which there i1 dramacic
incrcase in brain volume due to vascular dilation
and dilatation of the ventricular system. It is
commonly seen in diencephalic injuries, Onee the
cerchral oedema develops, it can by its own dyna-
mies (Langfite, 1971 ; Nils Lundberg, 1971) start a
chain of events which often leads to irreversible
damage. At first the C.8.F, space diminishes and
subsequently due to compression of veonous channsls
there is sudden increase in cerebral blood volume.
Thus the intracranial pressure homeostasis is seriou-
sly threatened and if the therapeutical relief is not
available herniation or coning of brain stem is
inevitable which by its vasomotor effects forthar
aggravates the brain damage.

The injury to the ccllular population in cede-
matous cortex has concommitant eflects on the
energy metabolism of the cells (Reulen et al, 1971),
There i3 however no uniformity of chemical reac-
tions in all regions of the brain. Whilst some
vellular aggregates show a more advanced metabalic
changes, the others are comparatively less effected.
The maio biochemical defect noticeabls is 8 marked
diminution of creatine phosphate and ATP, with u
consequent increase in ADP and AMP. Clucosc
shows diminution whilst lactic acid is sipnificantly

increased.

If the brain damage doe# not prove fatal and
the patient pulls through the acute phase, clinical
coutse of the illness is not identical in all cases. If
it eontinues to be a protracted loss of conaciousness,
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the prognostic significance is somctimes fairly well

surmised from the EEG changes.

An unchanging

munotonous rhythm of high voltage or low voltage
slow waves indicate that the situation is serious and

irreversible.

If in° 24 hours recording the EEG

activity sliows changes in [requency of voltage which
further flugtuates from day to day, it is an indica-

tion of better prognosis (Tandon et al, 1976),

Itis

especially true if slow sleep and REM phascs are

distinctly distinpuishable,

However ¢ven in these

caser long range effects are unpredicable, \
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