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Surgical treatment of giant intracranial aneurysms

B ETWEEN 1961 and 1975, we have treated at our clinic 1080 cases of. sac-

‘cular aneurysms, of which 32 cases (3,0%) were found to have aneurysms
with a maximum diameter of 2,5 cm or more, based upon findings at surgery
and cerebral angiograms, In general, direct surgery on giant aneurysms is
difficult, and carotid artery ligation is currently thoiught to be expedient,
depending upon the location, At our clinic, however, we have been actively
pursuing a policy of direct surgery in these cases; the rate of surgical treat-
ment has now reached 75% ,We report the symptoms, treatment, and follow-
up results of these 32 patients with giant aneurysms, and the appropriateness
of surgery,

Summary of Cases

Case Matérial

The 32 patients all harbored aneurysms of a saccular type, measuring at
least 2,5 cm at their largest diameter, There were 16 males and 16 females,
Their ages at the time of hospltahzatxon ranged from 16 to 69 years, averagmg
49,1 years,with a peak in the fifth.decade, The average age at the onset of
symptoms was 45,7 years, Initial symptoms were due to subarachnoid hemorr-
hage (SAH) in 23 cases (71,9%). In nine cases (28,1%) symptoms were due
to the aneurysm itself, leading to pressure phenomena in eight cases (including
diplopia, eyelid ptosis, and visual acuity and visual field impairments); in
the ninth case, hypopituitarism was. found, On admission, 26 .patients had
SAH, and 21 patxents had pressure phenomena; all of the latter patients pre-
sented some sort of ocular symptoms as well, Details of the symptoms are
presented at Table I, The locations of the aneurysms were as follows: the
internal carotid. artery.in 15 cases (including seven cases of infraclinoid
aneurysms, some intracavernpus); the anterior communicating artery in nine,
the basilar artery in four;the middle cerebral artery in three,and the anterior
cerebral artery in one, Two patients with anterior communicating artery
aneurysms and. one with an .anterior. cerebral artery giant aneurysm had
multiple aneurysms,

Treatment

Surgxcal treatment was undertaken in 28 cases (87,5%), 24(75%) by direct
operation and four(12,5% )by common carotid llgatlon Conservatxve therapy
was instituted in four cases, Direct surgery was applied whenever possible on
all aneurysms except those on the'infraclinoid portion of the internal carotid
artery, Neck ligation and clipping were performed in 12 cases, excisions in 10
cases, and trapping in two cases, Ligation and clipping were performed
primanly on aneurysms of the internal carotid arteries, and excision in most
cases of anterior communicating artery aneurysms and basilar aneurysms,
Of the four cases treated conservatively, one patient had a basilar artery
aneurysm which consequently disappeared, and three had internal carotid
artery aneurysms, two of which were of the infraclinoid portion,

Direct surgery was carried out under hypothermic anesthesia or under the
administration of 500 to 1000 cc of 20% mannitol with normothermic, normo-
tensive anesthesia for prolongation of the permissible occlusion .time of
cerebral arteries, Treatment of the aneurysm neck was accomplished during
temporary occlusion of afferent arteries,

Surgical exposure was planned to Visualize and identify the aiferent
and efferent arteries, For aneurysms of the anterior communicating artery,
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TABLE 1

Presentmg symptoms and signs of glant aneurysms

Local Cranial Nerve =
Site of SAH Pressure Palsy Cereb-Hypo-V;suail Motor
A R -ellar pitui- Field
neurysm Yés No Phenomenon dicis tarlsm DEflCItSDefIClts
¥ Yes No I I NV VW
ICA 19138 7 421190 B popeyii giraps Lilg P tiusd
(15 cases) 4 294111 19° 84 gnagroni ve
ACoA 7108 i (gERlog 1
(9 cases) 2 2 2
basilar 4 0 4 Jregiaginigy g 0 0 1 1
(4 cases)
MOA. 83 0 3 1
(3 cases)
ACA * 0 ;!
(1 case) , _ ‘
total ar SRR Rt e 110278 23 o4 o & .1l wibade s D

*SAH =subarachnoid hemorrhage; ICA = 1,nfernal c"aro.tl‘d artery; : ACoA =
anterior communicating artery; MCA = middle: cerebraf artery; ACA =anter-
ior cerebral artery, , :

bilateral.frontal cramotomy was employed The subtemporal approach using
a keel-form incision in the temporal region has been used for aneurysms of the
terminal portion of the basilar artery, and special care was taken with regard
to compression of the temporal lobe, In this type of case, temporary occlusion
of the basilar artery was performed for an extended perlod, so the patient’s
age, and the degree of arterioscléerotic change and its relation to blood flow
had to be considered in determining the applicability of surgery,

Since giant aneurysms are.characteristically mass lesions, extirpation
subse quent to neck treatment was generally our first choice, However, in
cases of broadnecked aneurysms, partial ligation and clipping followed by
muscle wrapping were sometimés necessary to prevent kinking, In cases where
severe arteriosclerotic changes were found in the parent artery, carotid
ligation was undertaken to avoid vessel obstruction due to the kinking or
release of an atheromatous plaque caused by occlusion of the neck,

TABLE 2

Operative procedures and results on discharge
" Results
No,of :
i ysre Cases El);;iL ** Good  Fair Poor . Dead*
? clipping & o

ligation 12 5 3 1 1 2
excision 10 1 3 2 3 3
trapping % 0 0 0 0 2

total y 24 6 6 3 4 .

*Operative mortality: 20,8%,
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Results of Treatment 2Bl H

The results of direct surgery at’ d1scharge in the 24 cases showed:
excellent results, six good, three fair, and four poor; fiveé ‘patients d1ed
mortality rate of 20,8% . The morb1d1ty rate (poor cases'and deaths) amoun-
ted to 37.5% (Tables 2 and 5. :

Except Tor one patient who was operated on while in a coma, death during
hospitalization was due to problems with the treatment of the aneurysm neck.
T wo deaths followed kinking of the mternal carotid’ artery after ligation;
one patient with a broad-necked aneurysm died from edema following
‘trapping of the internal carotid artéry, The remaining ‘patient died after an
extirpation procedure in which treatment of the aneurysm neck was‘incomp-
lete and hemorrhage occurred postoperatively, -

Of the four poor results, three patients had basilar artery aneurysms and
developed hemiparesis postoperahvely, and two of them also showed psy-
chiatric disturbances, The fourth patient with a poor result had an anéurysm
of the middle cerebral artery and developed an obstruction of the artery
peripheral to the site of the aneurysm after excision,

Follow-up study ranging from 6 months to 12 years revealed a general
tendency of improvement, The one death occurring during the follow-up
study was attributed to pneumonia, Results at discharge and on follow-up
study according to the sites of the aneurysms are presented in Tables 3 and 4 ,

Of the four cases treated conservatively,three patients had internal carotid
artery aneurysms, two of which were of the infraclinoid portion, One patient
died of hemorrhage during hospitalization, one had diplopia as the only
deficit 2 years after rupture, and one patient with supraclinoidal aneurysm
was hospitalized in a comatose state and died shortly thereafter, The remain-
ing case had a giant ruptured basilar artery aneurysm, 4,9 ¢m in diameter,
but after 16 months angiograms revealed that it had d1sappeared

TABLE 8
S1tes and results of direct operatxon on dxscharge
B No of Results 4
ite Cases Excel ’
1 e {5000 Fair Poor Dead
ent
ACoA,ACAY o1 .10 2 5 o | 0 1
ICA 8 4 0 1 0 8
MCA L 11918 0 1 0 1 1
BA 3 0 0 0 3 0
total 24 6 6 3 4 5
Discussion

Reports of giant aneurysms, including discussions of size, symptoms, and
angiographic features, are frequently seen in the literature, but the precise
definition of the size of giant aneurysms has not yet been decided: In the
cooperative study reported by Locksley and the report of Morley and Barr,
aneurysms were defined as giant when the largest diameter was 2.5 cm or
more. According to Morley, the incidence of giant aneurysms was 4.2%
(28 giant aneurysms among 658 aneurysm cases). In our institute, we have
found an incidence of 3% (32 giant aneurysms among 1080 cases). It is
generally believed that giant anetirysms are more frequently found in women,
but in our series we found equal numbers of male and female patients. We
found ‘cornsiderable differernces in aneurysm location; of -the 15 internal
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carotid aneurysms, two wére found in males and 13 in females, but of the
nine patients with anterior communicating artery aneurysms, all were male.
Although it is thought that giant aneurysms are numerous in patients over 50
years of age, we found a peak in the fourth and fifth decades with a distribu-
tion similar to that of normal aneurysms.

Giant aneurysms, as:distinctive space-occupying lesions, induce pressure
symptoms other than SAH, but are sometimes mistaken for brain tumors such
as parasellar, pituitary, and posterior fossa tumors. The incidence of
pressure symptoms is high according to Morley and Barr (24 out 28 cases).
On the other hand, rupture of. giant aneurysms is generally thought- to be
rare since calcifications are relatively frequent and laminated: thrombi
protect against rupture. Morley and Barr reported that eight of 28 such cases
bled (one of Il intracavernous cases and seven of 17 extracavernous cases).
Bull also reported a low incidence of hemorrhage with-only six hemorrhages
in 22 cases. Nonetheless, Morley: and Barr emphasized that, in coentrast to

TABLE 1
Follow-up results of operation on giant aneurysms
Results
: No.of L] :
anns Ei[ec:tl- Good.  Fair  poor  Dead -krg)%_v-q
ACoA,

ACA 9 5 3 0 0 0 i ¢
ICA 5 4 0 0 0 1 0
MCA 2 0 1 1 0 0 0
BA 3 1 0 0 1 0 |

total 19 10 4 1 1 1 2

*ACoA = anterior communicating artery; ACA =anterior cerebral artery;
ICA = internal carotid artery; MCA = middle cerebral artery; BA = basilar
artery. :

intracavernous cases, there <is a danger of hemorrhage in extracavernous
cases, even in giant aneurysms. We have found a high incidence of hemorr-
hage (81.3%). Furthermore, a detailed study of their medical histories
indicated that in 15 of the 26 rupture cases, patients experienced two or more
hemorrhages over an extended period of years. Pressure symptoms, normally
preceding those of hemorrhage itself, present opportunities for early dis-
covery, and thus may give the impression of a low incidence of hemorrhage.
Besides hemorrhage, death can be caused by increased intracranial pressure
manifested by symptoms relating to declining visual acuity, psychxatnc
disturbance, the lower cranial nerve, and brain-stem pressure.

The prognosis of conservative treatment for extracavernous giant aneurysms
is clearly poor considering the effects of pressure symptoms and the fact
that, although giant aneurysms are not thought to rupture easily, hemorrhage
has occurred unexpectedly often. Finally; since most reports of death due to
hemorrhage have mentioned the existence of laminated thrombi, and since
Taveras and Wood have reported a patient whose death may have been
caused by hemorrhage from a calcified aneurysm, the view that aneurysms
that have formed a thrombus or have calcified do not hemorrhage is not
entirely correct. We feel that there is a danger of rupture and recommend

r 4 o



radical surgery whenever possible for cases of extracavernous giant aneury-
sms. )

Conclusions

Except for, giant aneurysms of the infraclinoid region and those on the
basilar artery, we believe that safe, effective treatment of intracranial giant
aneurysms can be obtained by exposing and treating the aneurysm neck during
temporary occlusion of the afferent arteries under the administration of 500
to 1000 cc of 20% mannitol with normotensive, normothermic anesthesia.
Radical surgery is recommended whenever possible.
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Microsurgical anatomy of lumbosacral spinal roots

B HE theoretical pattern of innervation of the peripheral nervous system

often does not correspond with data obtained from clinical observation
of neurosurgical patients.In effect,selective section of an anterior or pos-
terior spinal root frequently results in different neurological deficits . Al-
though variations from the “normal” dermatome pattern may be explained
by variation in makeup of the plexuses and by peripheral nerve overlap,
other anatomical factors of variability must be sought.

Some authors have noted the importance of intersegmental anastomoses
existing between the posterior spinal roots,and have emphasized their role
in the results of posterior rhizotomy for the relief of pain. These ana-
tomical variations have been mentioned only infrequently, or have been
deseribed insufficiently in the literature. Only some specific studies give
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an accurate description of the anastomoses betweer posterior roots.Our
observations concern the lumbosacral spinal roots, including the anastomo-
ses between the anterior roots, and their real incidence.

Materials and Methods

Dissection of 30 human spinal cords and the corresponding spinal roots was
performed at autopsy.The lower part of the spinal cord comprising the ante-
rior and posterior lumbosacral roots was removed by a low-thoracic section
and by cutting the spinal roots near the foramina intervertebralis.In order
to facilitate the subsequent identification of the roots in the cauda the L-5
root was ligated.

There were no anomalies of the bone in the lumbosacral vertebral segments.
After fixation,the anatomic preparation was stripped of the dural and arach-
noidal sheaths and placed under the dissecting microscope for observation
(Fig.1).We studied the following structural and topographic aspects of the
L1-S5.roots:1) the longitudinal extent of the medullary segment of origin of
each root;2)the morphological features of the root-spinal cord junction;and
3)the intrathecal anastomoses between the anterior roots and between the
posterior roots.

~Observations
Longitudinal Extent of Medullary Segment of Origin

The inferior lumbar and sacral roots,both anterior and posterior, are so
crowded that it is usually very difficult to determine with the naked eye the
segment of origin of a single root.With the dissecting microscope we found
the average lengths of the spinal segments of origin of the L1-Sl| posterior
roots (Tables 1 and 2).These values are in accord with data published by
Yamada,et al. who limited their observations to the L1-Sl posterior roots,
Qur values show considerable variation from one case to another.One reason
for this variation is the different heights of the examined subjects;however,
it may also be related to the difficulty,particularly in the sacral area,in se-
parating each root from the adjacent ones,and in attributing the roots placed
in the middle of two spinal cord segments to one level or another.For exam-
ple,note that in Fig.2 an important component of the S-2 right posterior root
arises from a medullary segmeat which,on observing the root-spinal cord
junction,seems to belong to S-3.In Fig.3,a posterior root apparently arises
from the medulla exactly in the middle of two adjacent spinal cord segments,
and after running for a few millimeters divides in a Y ,sending one of its com-
ponents to the root below and one to the root above.The occurrence of anato-
mical variations like these suggests that the spinal cord is made by a series
of neuromeres overlapping to some extent,and spinal segmentation is only a
convenient concept. :

Morphological Features of Root-Spinal Cord Junction

The morphological features of the root-spinal cord junction, the number,
the diameter,and the penetration pattern of the rootlets in the medulla,are
different for each medullary segment.

Superior Lumbar Roots.In the anterior roots at L1-3,the penetration pattern
is more frequently filiform,and the number of rootlets making a root varies
from two to nine.Their diameter is always less than 0.5mm. With the poster-
ior roots at LL1-3,the filiform type is predominant. The number of rootlets is
between four and 12;their caliber is always less than 0.5 mm.

Lumbosacral Roots.In the anterior roots at L4-S3, the most frequent
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pattern of rootlets is cylindrical,but particularly at S1-2 it is possible to make
out some ribbon-like types and at LL-4 some filiform types.The diameter of
the ro otlets is most commonly between 0.5 and | mm, and their number
varies from two to six, It is possibe to have up to 1l rootlets if their caliber
is less than or about 0.5 mm.In the posterior roots at this level, the most
frequent type of rootlet is cylindrical; however, particularly in the Sl-2
roots, ribbon-like rootlets are also frequently seen.Often the rootlets have

TABLE"1

Distribution of posterior cord segments by length

in each of 30 cases(both sides)

Segment Cord Segment

Length

(mm) Lot IL2tE.3" LA I L.8EIS-2 65 9 5.3 S5 uls
16-16.5 1 3

15-15,5 8 3 2 1

14-14,5 13 5 i

13-13.5 8 5 5 1 T

12-12,5 oyt g 1 5 6 1 1
11-11,5 6 16 ; 4 1

10-10,5 T V.4l 20 8 /i 1 1 2 2 1
9-9.5 4 4 S/ S ety 5 2 1 1 1
8-8.5 1 it Rl A 17 13+ 5 3 1
7-7.5 1 1 2 bl 14 19 15 b s
6-6.5 , ! 5 Sy 24:80 713 8
5-5.5 1 2 3 3 R e
4-4.5 1 3 /S
3-3.5 . 1 2: .- 10
mean 12:5 11.5 10.4 9.5,.7.9 A SO TS

a caliber greater than | mm,with three to four to each root,or if they are
between 0,5 and | mm in size,there may be four tosix rootlets to each root,
*Inferior Sacral Roots, The anterior roots at S4-5 have a filiform pattern,
The number of rootlets,which are of very small diameter,varies from two to
four The pattern of the posterior roots is cylindrical and filiform,k The radi-
cles,of very small diameter(always less than 0,5 mm),are between two and
six in number,

Intrathecall Anastomoses between Roots,

Anastomotic connections were found in all cases examined,and usually con-
sisted of small-caliber rootlets connecting the spinal roots of adjacent seg
ments,In the 30 examined spinal cords the total number of anastomoses was
221,0ut of a possible maximum of 1080 anastomoses at lumber and sacral roots
of both sides,an incidence of 20,5% , This frequency rises to 30% if anastomo-
ses between postenor roots only are considered, but is 11% for the anastomo-
ses between the anterior roots,
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TABLES ™

Distribution of anterior cord segments by length
in each of 30 cases(bo_th sidgs) i

Segment ' Cord Segment

Length

(mm) L-1 L-2 L-3.,L-44L<5 L-1 L-2 L-3 L-4 L-5
15-15.5 4 8 1 2 1
14-14.5 6 L R

13:13.5 I3 D 5 1 1
12:12.5 14 11 74 4 1
11-11,5 8 9 5 4 1 1
10-10,5 5 10 17 13 7 1 1 2

9-9.5 4 5 el3z - 11 7 < 1 1

8-8.5 6 2 8 17 11 13 10 1 1 1
=T O 1 1 6 18 -9 12 6 1 1
6-6.5 1 i 10 18 28 20 6 1
5-b.,5 3 3 5 24 20 12
4-4,5 2 1 6 9 19
3-3.5 1 2 1 21
D gD 5
mean 12 13,8 110.4 Y9.6- &7 9lS 1. T6, 7.V 5,6 4.7,08308

Table 3 shows the distribution frequency of anastomoses for each segment
of the spinal cord,Pallie’s finding' that anastomoses are more numerous in
the lumbar than in the ;sacral region is not confirmed by these data, which
show a greater incidence of anastomoses between the sacral roots,

In most cases, anastomotic rootlets are less than (,5mm in diameter,but
it is possible to find anastomoses of greater caliber, Most frequently,
anastomoses appear to originate from the ganglion of a posterior root and enter
the cord with the fibers of the adjacent rostral root or,less frequently,the
caudal root, In65% of cases, the anastomotic connections are found within
1 to 2 cm from the spinal cord, They are localized among the roots of the
cauda equina in 24% of cases,and more peripherally or close to the ganglion in
11% of cases(Fig.4) ,More frepuently,the anastomoses are simple rami running
to join adjacent roots, Less commonly, plexiform or other types of inter-
connecting patterns are found(Fig,5 left), Anastomoses may appear in parallel
pairs(Fig,5 right), or intersect in an X pattern(Fig,6), They can originate
from the division of a single rootlet or+of.a group of very thin rootlets,

Discussion
The clinical experiences reported by Schwartz show the surgical impor-
tance of the anastomoses when performing a posterior rhizotomy,According

to White and Sweet, pain appears to follow the “all or none” law ; unless
all of its afferent paths are cut,it is still felt with undiminiished intensity,
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TABLE 3

Number of anastomotic connections betwéen posterior roots

and between anterior roots for each cord segment

Cord Segments

No,of

Anastomeses " Syh 5 S yly 3 1340 Ld-5 15-51 S1-2 S2-3 S3-4 L4-8
between

posteriot roots 3! 3 4 10 199 30 37 32 26
between

anterior roots — —- = 8 B . 13 9 T

Therefore attention must be paid to the role that intersegmental anastomoses
may play in delieating the peripheral dermatome area subserved,In view of
the extreme variability of anastomotic rami,and their shape and position,a
rhizotomy performed at the root-spinal cord junction or extradurally may
fail to denervate an area, It is advisable to isolate the root that must be cut
along its entire subarachnoidal course,“which means a more extensive expo-
sure than generally practised,” to interrupt any anastomoses that may
existd
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