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Dandy next sought to determine by what mechanism this rapid
resorption of cerebrospinal fluid from the subarachnoid system
back into the circulating blood was effected. Did resorption take place
through intermediate lymphatic channels lying within the sub-
arachnoid spaces? To answer this question Dandy exposed and can-
nulized the thoracic ducts in a series of dogs so that he could exa-
mine the lymph, drop by drop, as it came from the open ends of the
cannulae. !*’ '* When phenolsulfonphthalein was introduced into the
_cisternae magnae of these animals, the dye appeared in the blood
stream within 1 to 3 minutes; but it did not appear in the lymph,
dripping from the open ends of the divided lymphatic ducts until
nearly 60 minutes had elapsed, by which time 20 to 25 % of the
dye had already been excreted in the urine.!" '* He thus proved
that lymphatic channels, if present at all within the subarachnoid
spaces, played no significant role in the return of cerebrospinal
fluid from the subarachnoid system back into the blood stream.

Dandy then investigated the role played by the Pacchionian
granulations in the return of cerebrospinal fluid from the subarach-
noid spaces to the general blood stream.*’ ' He attacked that
problem in characteristic fashion by dividing all Pacchionian gra-
nulations bilaterally, in a series of dogs, '* and then showing that
phenolsulfonphathalein introduced into the subarachnoid spaces of
those dogs appeared in the blood stream after exactly the same
time interval as in dogs with all Pacchionian granulations intact;
and that it was subsequently recovered from the urine after exactly
the same time interval and in exactly the same amounts as in ani-
mals with all Pacchionian granulations intact. ** He thus proved
that Pacchionian granulations played no essential role in the return

of cerebrospinal fluid from the subarachnoid system back to the
. general blood stream.

By thus excluding any role played by lymphatics or by Pacchi-
onian granulations, Dandy proved that resorption of cerebrospinal
fluid from the arachnoid system back into the general blood stream
must take place directly through the rich capillary beds lining the
subarachnoid spaces-a mechanism which he had already proven to

be true for the absorption of fluids from the pleural and abdominal
cavities, 14’ 1°

Having established the essential features of the cerebrospinal
fluid circulation in laboratory animals, Dandy next transferred his
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studies to human subjects. Fortunately,'in the children’s wards of
the Johns Hopkins Hospital he almost immediately had the excep-
tional opportunity of studying 11-hydrocephalic infants.

He introduced phenolsulfonphthalein into the lateral ventricles
of these 11 children, and he found that in 4 of them the dye ap-
peared in the lumbar subarachnoid sac within 1 to 20 minutes, but
in the other 7 children the dye did not appear in the lumbar sac
until 1 to 4 hours had elapsed.**’ **

This was a critical observation, unlike anything which Dandy .
had encountered in his laboratory animals, the profound significan-
ce of which might have been missed by a mind less keen than his.
But Dandy recognized immediately that in these two groups of
children there must exist two quite different pathologic mechanisms
for the production of hydrocephalus. In one group, the hydrocepha- |
lus was obviously due to interference with the free passage of ce-
rebrospinal fluid from the ventricular into the subarachnoid system
where it could be readily absorbed by natural physiological proces-
ses; ® but in the other, the hydrocephalus must be due to poor ab-
sorption of cerebrospinal fluid from the subarachnoid system back
into the blood stream. ™ Here originated the pathological concepts
of obstructive as differentiated from mon-obstructive (communica-
ting) hydrocephalus 1’ 130’ 7’ 8

Dandy studied the absorption of cerebrospinal fluid from the
subarachnoid systems in these two groups of children. He found
that when phenolsulfonphthalein was introduced into the lumbar
subarachnoid sac of the infants with obstructive hydrocephalus,
30 % of the dye was excreted in the urine during a 2 hour period;
but when the dye was introduced into the lumbar subarachnoid sac
of the children with nonobstructive hydrocephalus, only 10% of the
dye was excreted in the urine during an equal period of time. ¥’ ¢ 7
He thus demonstrated that nonobstructive (or communicating)
hydrocephalus was due to reduced rate of resorption of cerebrospin-
al fluid from the subarachnoid system, and he expressed the opinion
that this was probably due to structural abnormalities of the
subarachnoid spaces of these infants, either congenital mal-devel-
opment or partial obliteration by some form of adhesive arachnoid-

itis.® - '

Dandy returned once more to his laboratory, and there, in dogs,
produced adhesions in the basilar subarachnoid cisterns which re-

L4
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sulted in the development of true commumcatmg hydrocephalus in
those animals. * . o : -

Dandy now sought actual pathological confirmation in humans
of his postulates. Eventually he obtained autopsies upon 5 of the
children whom he had diagnosed on clinical grounds as having
obstructive hydrocephalus; and in.cach of these was able to de-
~monstrate obstructive lesions within the ventricles.’® &8 Unfortu-
nately, he was unable to obtain postmortem examination of a single
one of the infants which he had studied and diagnosed, clinically,
- as having communicating hydrocephalus. However, he was even-
tually able to study the brain of an infant which had died elsewhere
of advanced hydrocephalus; and in that brain he did find that the
two lateral ventricles, the third ventricle, the aqueduct of Sylvius,
the fourth ventricle and the cisterna magna were all widely dilated,
without any obstruction whatever of the ventricles, per se, but with
almost complete obliteration of the basal subarachnmd cisterns by
dense adhesive arachnoiditis.®" ' .

The correctness of Dandy’s original theses regarding the patho-
logy of obstructive and nonobstructive hydrocephalus was fully cor-
roborated 30 years later by Dorothy Russell in her classic patholog—
ical studies of human hydrocephalic brains.* °

_ Principles For Treatment Of Hydrocephalus
Proposed By Dandy

Having established the pathology of hydrocephalus, Dandy at
last undertook to develop sound surgical principles for its treatment.

First, determine the type of hydrocephalus, obstructive or non-
obstructive (communicating), by means of the simple dye test des-
_cribed by Dandy. 7 8

For the treatment of obstructive hydrocephalus he laid down
the basic principle that the cerebrospinal fluid from the obstructed
ventricles must be drained into the subarachnoid system, whence
it could be absorbed and returned to the general blood stream by
natural physiological processes. * To accomplish this he devised
third ventriculostomy, an operation by which a surgical opening
was made through the thinned-out floor of the third ventricle, there-
by establishing free communication between the third ventricle
and the large interpeduncular subarachnoid cistern. Third ventricu-
lostomy fulfilled in a nearly ideal manner Dandy’s theoretical re-
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. TABLE V.
LATE COMPLICATIONS
Occlusion . Miscel- Total
. v , Shunts - Sepsis laneous (Approx.)
PHYSIOLOGIC OPERATIONS - -
620 cases
Third ventriculostomy 0 : -0 2% - 2 2%
Cauterization choroid 0 0 ) 3% 3%
plexus : . . . )
TOTALS 0 0 2.5% 2.5%
SHUNTS
1,087 cases
Intracranlal ' 50% - o - 1] 50%
Cardiac _ 28% 12% 6% 46%
(septicemia) (thrombosis
superior
- vena cava)
Pleural T 100% 0 . 0 100%
Peritoneal 58% . 0 0 : 58%
Ureteral 16% . ' 8% 20% 44%
‘ (meningitis) (metabolic
. . . ’ crises)
Miscellaneous 50% o . 0 50%
TOTALS 509 3% 3.5% .57%

The survival periods, at least the reported periods of follow-up
observations, were on the average considerably longer for the cases
treated by operations not requiring the use of mechanical tubes or
valves than after operations requiring the use of mechanical tubes
or valves. The overall average for the former group was 61!/: years
and for the latter group only 2 years. Furthermore, five - year
survivals (follow -up observations) were reported in 30 % of the
former group and in only 2 % of the latter group (Table VI).

‘ Discussion . . .

Every type of shunt reported in the literature developed ser-
ious, late complications sufficient to cause the death of the patient,
require re - operation, or to otherwise seriously threaten the life
of the patient. The incidence of these complications varied with the
type of shunt, from a low of 44 9% with ureteral shunts, to a high
of 100 % with pleural shunts; but the overall incidence of late seri-. .
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Summary

The evidence, therefore, indicates that if not only operative
mortality and initial success are considered but also, and more
important, the incidence of late, serious complications and the du-
ration of survival periods, the results obtained with third ventri-
culostomy and endoscopic cauterization of the choroid plexuses are
considerably better than those obtained with any of the various
shunting operations which require the use of mechanical tubes and
valves.

This historical and critical review of the surgical treatment
of hydrocephalus is presented in the hope that it may re-awaken
interest in the physiological and surgical principles for the treat-
ment of hydrocephalus proposed by Dandy over 40 years ago, and
may result in the wider use of third ventriculostomy and endo-
scopic cauterization of the chor01d plexuses in the future practice
of neurosurgery.
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