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Acute Operation and Preventive Nimodipine Improve
Outcome in Patients with Ruptured Cerebral Aneurysms

Ludwig M. Auer, M.D.

Department of Neurosurgery, University of Graz, Graz, Austria

Sixty-five patients with ruptured aneurysms were operated upon within 48 to 72 hours after subarachnoid hemorrhage
(SAH) and were treated with a regimen of intra- and postoperative nimodipine for the prevention of symptomatic
vasospasm. The clinical grading (Hunt and Hess) was I to III in 49 patients and IV or V in 16. The SAH was mild in
15 patients, moderate in 27, and severe in 23; 12 patients harbored an intracerebral hematoma, and 6 had intraventricular
bleeding. Acute hydrocephalus was observed on preoperative computed tomography (CT) in 19 patients. On CT 3 days
postoperatively (i.e., Day 3-4 after SAH), 30 of 65 patients still had subarachnoid blood; however, severe symptomatic
vasospasm as the deciding threatening event during the delayed postoperative period was not encountered in this series.
Transient symptoms of ischemia were noted in 2 patients (3%) and were accompanied by angiographic spasm in 1.
Irreversible neurological deficit occurred in 2 patients (3%); in 1 of these, it was a complication of postoperative control
angiography. Of the patients preoperatively graded I or II, 96 % had an excellent to fair outcome 6 months postoperatively,
and 1 patient (4%) had died because of a surgical complication. Among patients preoperatively graded III or IV, 86%
had an excellent to fair outcome, and the remaining 14% had a poor outcome. Shunt-dependent hydrocephalus
developed in 7% of the patients. Acute surgical repair of ruptured cerebral aneurysms and preventive topical and
intravenous administration of nimodipine reduce management complications and improve outcome; above all, ischemic
lesions from symptomatic vasospasm are reduced to a minimum. (Neurosurgery 15:57-6:, 1984)
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INTRODUCTION

During the early days of neurosurgery, the results from the
operation of cerebral aneurysms were so discouraging that
surgical treatment did not seem to improve the natural course
of the disease once an aneurysm had ruptured (23, 42).
Despite the introduction of the operating microscope and the
perfection of microsurgical techniques, the management mor-
tality after acute admission and delayed operation calculated
from the day of subarachnoid hemorrhage (SAH) was still
very high, ranging between 34 and 72% (34, 68). There was a
high rate of complications occurring mostly before operation
so as to jeopardize the potential benefit of technically perfect
microsurgery (31, 49). Two main events are responsible for
complications in patients who survive the initial SAH,
namely, recurrent hemorrhage and delayed ischemic symp-
toms from cerebral vasospasm (2, 12, 14, 17, 19, 34, 43, 51,
65).

Vasospasm has been described as a biphasic process. There
is a more or less unimportant acute phase. The late phase is
often but not always clinically relevant. It usually appears 5
to 8 days but sometimes as late as 2 weeks after the first SAH
(2, 34, 37, 38, 53, 55, 57, 65, 70). However, the late phase
appears earlier after repeated SAH (38).

In our personal unpublished series of 55 patients, we
planned to operate after Day 6 following SAH. The rebleeding
rate was 22%, and the mortality among rebleeders was 50%.
Symptomatic vasospasm occurred in 20% of the patients who
survived the acute phase after SAH. Altogether, preoperative
complications due to rebleeding or vasospasm occurred in
30% of the cases; 50% of these patients died before operation.

Earlier attempts to solve the problems of rebleeding and
vasospasm by operation within the Ist week after the last
SAH caused a “forbiddingly high” surgical mortality of more
than 50% (52) and definitively introduced the era of delayed
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operation performed on clinically stabilized patients. The
overall management results have been improved little by
microsurgical and anesthesiological techniques, and acute
operation has again been advocated (29, 33, 39, 46, 55, 59,
60, 62, 65, 66, 68, 69) to prevent those secondary processes
that influence outcome and prognosis (rebleeding and vaso-
spasm) by repair of the aneurysm and evacuation of blood
clots from the subarachnoid space. An interval of 48 to 72
hours from SAH to operation was proposed because the high
surgical mortality after acute operation derived from interven-
tions performed on Days 3 to 7, whereas the mortality was
low on Days | and 2 (56, 59, 74).

These procedures seemed to improve the overall outcome
of patients (34, 65), although the incidence of ischemic deficits
from vasospasm was still not reduced substantially (34, 55,
57,65, 72). In the first series of patients operated upon acutely,
20 to 30% deteriorated during a later postoperative stage
concomitantly with severe angiographically demonstrated
vasospasm (34, 48, 65, 72). Symptoms seemed to be less
severe and more easily reversible. The major problem in the
treatment of SAH from ruptured aneurysms remains the
management of arterial spasm and cerebral ischemia (38, 44,
54, 57).

Several pharmacological approaches have been tried to
prevent or treat vasospasm, but none of the clinical trials
could prove a convincingly better outcome (for references,
see Ref. 71). Recently, the cerebrovascular effect of calcium
antagonists was studied both in animal experiments and in
patients: thus, the lipophilic, predominantly cerebroarterial
dilatory drug nimodipine was shown to have a long-lasting
effect when administered locally or systemically (4-6, 8, 64)
and to increase cerebral blood flow (18, 21, 25-27, 35). In a
previous study, the aim was to treat vasospasm by the topical
administration of nimodipine via a cisternal catheter as soon
as spasm was proven on angiography. For several reasons, the




58  AUER

results were not as good as had been expected (6). Therefore,
it seemed more promising to prevent vasospasm after acute
operation by administering the calcium antagonist nimodi-
pine both locally and systemically.

SELECTION OF PATIENTS AND METHODS

Of 97 consecutive and unselected patients admitted be-
tween September 1981 and December 1983 and graded I to
V following the scale of Hunt and Hess (30), 68 patients were
admitted acutely after SAH to allow operation within 48
hours (patients graded III to V) to 72 hours (patients graded
I or II). Three patients could not undergo the planned treat-
ment protocol, 1 because of unclipped multiple aneurysms, 1
because of severe hepatic disease, and 1 for technical reasons.
The remaining 65 patients are the subjects of this study.

The mean age of the 65 patients was 45 years (range, 13 to
80 years). Thirty-three were female, and 32 were male.

Perioperative evaluation

Preoperative neurological symptoms were classified accord-
ing to the scale of Hunt and Hess (30). Preoperatively, all
patients underwent four-vessel angiography performed with
the Seldinger technique by transfemoral catheterization. The
location of the aneurysms is indicated in Table 1.

Vasospasm on preoperative angiograms was described with
the scale that is being used in the ongoing International
Cooperative Study on the Timing of Aneurysm Surgery and
Acute Subarachnoid Hemorrhage (Table 2). Postoperative
angiography was performed because of transient ischemic
symptoms in two patients and rebleeding in one and was also
performed in one asymptomatic patient.

Preoperative computed tomography (CT) was performed
in all except two patients. Postoperative CT was performed
on Days 3, 7, 10, and 14 after operation and at 3 to 6 months.
SAH shown by CT was classified in three groups as summa-
rized in Table 3. The computed tomographic diagnoses were
made by two investigators not informed about the clinical

condition and course of the patients (7). If the extent of SAH

TABLE |
Location of Aneurysms

Location No. Patients

MCA 15
A-COM 28
ICA 12
ACA (A,) 4
BAS 2
2 aneurysms 4

65

communicating artery; ICA, internal carotid artery; ACA, anterior
cerebral artery; BAS, basilar artery.

TABLE 2
Vasospasm on Preoperative Angiogram

- Grade

0 (none) 48
I (local < 50%) 12
I (local > 50%) 4
111 (diffuse, severe) 1

Total 65

No. Patients
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TABLE 3
Extent of SAH as Diagnosed from Preoperative CT and Operation

SAH Grade

|—mild

2—moderate  Thick layer in two of three sub-
arachnoid compartments
(basal cisterns, sylvian fis-
sures, interhemispheric space)
or one subarachnoid com-
partment and the cortical sur-
face

Severe, diffuse SAH with thick
layers in all three subarach-
noid compartments or suba-
rachnoid compartments and
the cortical surface

Description of SAH No. Patients

Thin, localized layer 15 (2)°
27 (4)

3—severe

65 (18)

No. Patients

Other Lesions

Intracerebral hematoma 11(1)
Intraventricular hemorrhage 6(2)
Subdural hematoma 1 (0)

“Numbers in parentheses, number of patients with preoperative
acute hydrocephalus shown by CT.

as encountered during operation was essentially different from
the diagnosis made by CT, this circumstance was considered
in the description of preoperative SAH as shown in Table 3.
A difference was observed in only eight patients: six with mild
SAH intraoperatively and normal CT and two with normal
CT and significant SAH intraoperatively, presumably due to
rebleeding when anesthesia was induced.

Surgical procedures

In two-thirds of the cases, the operation was performed by
the author; as acute operation became increasingly institu-
tionalized as a routine procedure, three more neurosurgeons
who specialize in microsurgery (Dr. G. Clarici, Dr. H. Trit-
thart, and Dr. P. W. Ascher) performed the interventions.

Anesthesia was induced with pentobarbital and was contin-
ued with a neuroleptanalgesic. The use of controlled hypoten-
sion was restricted to a few patients with complicated aneu-
rysms and premature rupture. Temporary clipping was used
only in a very few complicated cases; hypertension was not
induced in these patients. Intravenous mannitol and hyper-
ventilation for the reduction of brain volume were used in a
few patients, but not regularly. Ventricular drainage via the
right frontal horn was performed in all patients, and 50 to 70
ml of cerebrospinal fluid (CSF) were usually withdrawn during
the intervention. In 60 patients, the tube was left in place for
postoperative drainage for a maximal duration of 12 days
(average, 6 days).

In five patients with an anterior communicating or perical-
losal aneurysm and extensive accumulation of blood in the
interhemispheric space, we performed an interhemispheric
approach via a bifrontal craniotomy. In all other cases, a
frontotemporal craniotomy was performed (73) and the aneu-
rysm was attacked by the transsylvian or intrasylvian ap-
proach. As much as possible of the subarachnoid blood was
removed atraumatically by suction and irrigation with Ring-
er’s solution. In cases with thick clots in the interhemispheric
space and in one or both sylvian fissures, blood could be
evacuated from only one of these subarachnoid compartments
and from the basal cisterns.
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Pharmacological treatment

All patients were treated using the lipophilic calcium antag-
onist nimodipine intra- and postoperatively following the
treatment protocol as elsewhere specified for an open multi-
center study (5). After the ruptured aneurysm was clipped, a
2.4 X 10~% M solution of nimodipine in Ringer’s solution was
applied locally around the vessels in the operating field for 10
minutes. Immediately thereafter, an intravenous infusion of
0.25 to 0.5 ug of nimodipine per kg per minute was started;
this was continued until Day 14 after SAH. Then 60 mg of
nimodipine was given p.o. 4 times a day until Day 21 after
SAH. In five patients, the plasma and CSF levels of nimodi-
pine were estimated during i.v. and p.o. treatment.

Follow-up examinations and assessment of outcome

After the patients left the hospital, neurological follow-up
examinations were performed 1, 3, and 6 months postopera-
tively. Six months after operation, the examination was per-
formed by a neurologist not involved in the treatment of these
patients and uninformed about their clinical course. The
clinical outcome was assessed according to the scale shown in
Table 4, which is used for the International Cooperative Study
on the Timing of Aneurysm Surgery and Acute Subarachnoid
Hemorrhage. Patient data from the period of hospitalization
and from follow-up investigations were stored in and evalu-
ated with the aid of a PDP 1 134 computer (Digital Equipment
Corp. Maynard, Massachusetts) and a software package de-
veloped by G. Gell (20).

RESULTS
Preoperative Findings

The findings on preoperative CT, the location of the aneu-
rysms, the extent of vasospasm indicated by preoperative
angiography, and the clinical grades are indicated on Tables
1 to 3 and 5.

Surgical Procedure

Initial “brain swelling” after opening of the dura mater was
noted in almost all cases, although to a varying extent. Exter-
nal ventricular drainage resulted in a prompt reduction of
cerebral volume in all except five patients. Cerebral swelling
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in these five patients did not hinder our reaching the surgical
goal in three patients graded III or IV (Hunt and Hess). No
immediate postoperative deterioration was noted in these
three patients. Subarachnoid blood clots were left after oper-
ation in 30 patients, as documented by postoperative CT 3
days later (Table 6). Leakage or rupture of the aneurysm
during preparation occurred in 21 of the 65 patients and was
treated without complications in 16.

Complications during Operation

Ten of the 65 patients experienced surgical complications
followed by clinical deterioration on awakening from anes-
thesia (Table 7). In 5 patients, massive rupture of the aneu-
rysm occurred before the preparation of surrounding arach-
noid structures was completed. Consequently, massive hem-
orrhage induced hemorrhagic hypotension in 2 patients; a
temporary clip was placed on the major feeding vessel in 4
cases. A small infarct was seen on postoperative CT in 5
patients.

Brain swelling despite ventricular drainage persisted in two
of five patients. Increasing edema forced partial resection of

TABLE 5
Preoperative Clinical Condition
. o No.
Grade Description Pitisiits
I Minor headache and/or minor 11
neck stiffness
I1 Severe headache, severe neck 17
stiffness, and/or cranial
nerve sign and photopho-
bia
11 Drowsiness, confusion, mild 21
paresis, and/or mild dys-
phasia
1V Stupor or sopor, moderate to 8
severe hemiparesis, and/or
dysphasia
\Y Coma, decerebrate rigidity, 8
symptoms of acute mid-
brain syndrome
Total 65

TABLE 4
6-Month Follow-up Results

linical ome o T
Chmigsl Oute Description of Clinical Outcome

No. Patients with Preoperative Hunt & Hess Grade:

Grade I 11 11 v A% Total”

1-excellent Full recovery: Patient can lead a full and in- 10 13 13 3 0 39
dependent life without neurological deficit.

2—good Minimally disabled: Patient can lead a full and 0 4 4 (1) 0 0(1) 10
independent life with minimal neurological
deficit.

3—fair Moderately disabled: Patient has neurological 0 0 2 2 0 4
or intellectual impairment, but is independ-
ent and partly able to work.

4—poor Severely disabled: Conscious patient is totally 0 0 0(1) 3 1 5
dependent on others to get through the ac-
tivities of the day.

5—dead Dead 0 1 0 0 6 7

Total 10 18 19 (2) 8 7(1) 65

¢ Includes patients with only 1 month of follow-up.
» Numbers in parentheses, number of patients with 1 month of follow-up.
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TABLE 6
Extent of Subarachnoid Bleeding

Classification 3 d after No. Patients with Preoperative Grade:

Operation 1 2 3 Total
1 0 6 13 19
2 0 0 1 1
3 0 0 0 0
Total 0 6 24 30

TABLE 7
Surgical Complications Followed by Immediate Postoperative
Deterioration

Preoperative Grade

Event Np. Outcome
Patients Hunt& ¢, 0 Grade
Hess

Hemorrhagic infarction 2 111 3 1
(spatula pressure) 0% 3 4

Ischemic infarction (pre- 2 11 1 5
mature rupture, occlu- 1 1 1
sion of anterior per-
forator, spatula pres-
sure, and/or tempo-
rary clipping of the in-
ternal carotid artery)

Premature rupture of 4 111 3 1
aneurysm before final I 2 2
preparation; massive II 3 2
bleeding and hemor- I 2 2
rhagic hypotension,
temporary clip; post-
operative infarct

Brain swelling requiring 2 111 2+ICH* 3
major resection, prob- 111 3 4
ably higher spatula
pressure .

Total 10

4 ICH, intracerebral hematoma.

the superior temporal gyrus during the approach to a middle
cerebral aneurysm, and preoperatively diagnosed hemiparesis-
dysphasia was worse immediately after operation.

Spatula pressure on the self-retaining retractor produced a
hemorrhagic infarct and hematoma in the right frontal lobe
of one patient and in the left temporal lobe of a second
patient. In a patient with a giant aneurysm of the internal
carotid bifurcation, temporary clipping of the internal carotid
artery and spatula pressure led to the development of a small
ischemic infarct of the internal capsule. After massive bleeding
during premature rupture, ischemic infarction (diencephalic)
occurred in a second patient, in whom occlusion of a small
perforator might also have occurred. In one patient with a
broad-necked middle cerebral aneurysm that widely involved
the circumference of one M, branch, neck occlusion was
possible only by stenosing the branch with the clip. The
patient’s postoperative course was uneventful, but a small
frontotemporal infarct was seen on CT.

Postoperative Complications (Table 8)

Psychoorganic syndrome

In three patients preoperatively graded I or II, a severe
psychoorganic syndrome developed postoperatively and
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TABLE 8
Causes of a Complicated Postoperative Course in 65 Acutely
Operated Patients

Cause No. Patients

Preoperative Grade V, no recovery
Surgical complication
Severe psychoorganic syndrome
Delayed ischemic symptoms, reversible
Delayed ischemic symptoms, irreversible
Shunt-dependent hydrocephalus
Postoperative rebleeding

Total

NI —_
Oi— BN WOD

lasted as long as 2 to 5 weeks. The patients recovered fully
after 5 weeks with no ischemic lesion shown by CT. A minor
psychoorganic syndrome of 2 to 3 days’ duration with some
restlessness and excitation was noted in the majority of the
Grade I-II patients.

Delayed ischemia

Late ischemic complications occurred in 4 of the 65 pa-
tients. Spontaneous vasospasm could not be isolated as the
origin of symptoms in any of these cases (Table 9). Although
vasospasm may have been in part a cause of the symptoms,
it never became symptomatic as the only complication, but
always occurred in combination with other events.

Case 1. A 39-year-old woman clinically graded I before
operation suffered an episode of dyspraxia of one arm and
hand for a few minutes on Day 11 after uncomplicated
operation (i.e., Day 13 after SAH); immediate angiography
showed no vasospasm, and CT was normal and remained so
on serial follow-up. The patient recovered without any deficit.
The cause of the transient ischemic attack (TIA) remained
unidentified. Because the TIA occurred when the patient
stood up from bed, orthostatic dysregulation together with
disturbance of cerebrovascular autoregulation might have
played a role.

Case 2. In a 64-year-old woman with a preoperative clini-
cal grade of III and massive SAH (Class 3), a faint left
hemiparesis was noted immediately after a complicated op-
eration. Although CT showed right temporooccipital edema
and extensive SAH (Class 2) 3 days postoperatively, the
symptoms had almost completely disappeared. On Day 7, the
faint left hemiparesis recurred and angiography was per-
formed. During angiography, the patient was again free of
symptoms; however, marked vasospasm was found. The pa-
tient remained asymptomatic, and the temporooccipital
edema on CT became a circumscribed infarcted area.

Case 3. In an asymptomatic 35-year-old woman, the ni-
modipine infusion was stopped during transport for and the
performance of postoperative angiography; during injection
of the contrast medium, the patient became hemiplegic and
aphasic. The angiograms showed severe spasm. In this case, a
rebound effect due to the withdrawal of nimodipine may have
caused the devastating development of spasm. CT showed the
development of an infarct. The patient recovered with minor
residual left hemiparesis and is again a fully active housewife.

Case4. A 30-year-old woman suffered severe subarachnoid
and 3rd ventricular hemorrhage from an anterior communi-
cating aneurysm. Her preoperative clinical grade was IV.
There was uncomplicated intraoperative brain swelling, and
her condition was unchanged after operation. On Day 8 after
operation, however, her consciousness deteriorated and she
developed hemiplegia on the left side. Immediate CT showed
no changes from the CT performed on Day 7; there were no
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TABLE 9
Findings in Patients with Postoperative Delayed Ischemic Symptoms®
. Hunt & Hess SAH Class Angiographic Surgical Com- Interval after Degr 2 .°f
Patient G Infarct ) Resocializa-
rade Preop Postop Spasm plication SAH (d) ;
. ‘ tion
1 1 2 1 No No No 13 1
2 11 3 Yes Yes Yes 9 1
3 II 3 1 Angiographic Yes No 12 2
complic.
e 4 1A% 3 1 Not done Yes No 8 4
9 Abbreviations: complic., complication; Postop., postoperatively; Preop., preoperatively.
signs of infarction. On the following day, however, a massive TABLE 10

hypodense lesion became apparent in the supply territory of
the middle cerebral artery responsible for the neurological
deficit. Symptomatic vasospasm was strongly suspected, al-
though angiography was not performed. According to the
complex morphological and clinical picture, a clear-cut dis-
tinction of postoperative pathophysiological events is not
possible. The woman recovered with considerable deficit,
hemiparesis, and incomplete aphasia, independent in self-care
but unable to work.

Postoperative subarachnoid blood. On preoperative CT, all
4 patients with delayed ischemic symptoms (Table 9) had
Class 3 or 2 SAH; of the total series, there were 50 patients
(Table 3) with the same extent of preoperative SAH. Three of
the 4 patients with delayed ischemia had Class 3 SAH; in the
whole series, there were 23 patients with Class 3 SAH preop-
eratively. Three days postoperatively, only 1 of the 4 patients
still harbored a significant (i.e., Class 2) accumulation of
subarachnoid blood (11 patients in the whole series (Table
6)). Thus, delayed ischemic complications (2 of them revers-
ible (3%) and 2 irreversible (3%)) were always combined with
a significant preoperative blood accumulation, and none of
these patients was free from subarachnoid blood 3 days post-
operatively (Table 9).
Rebleeding

The condition of one patient deteriorated suddenly on Day
18 after the uncomplicated repair of a middle cerebral aneu-
rysm. The patient developed hemiparesis and dysphasia. Im-
mediate CT revealed a temporal hematoma on the operated
side, and angiography showed a second small middle cerebral
artery aneurysm not visible on the first angiogram and un-
detected during the first operation. After clipping of this
second aneurysm, the patient recovered with minimal deficit;
CT showed a small hypodense temporal lesion.

Silent infarction

Postoperative ischemic infarcts on CT (Table 10) without
permanent delayed neurological deficit were seen in 16% of
the patients who had preoperatively suffered only SAH but
no intracerebral or intraventricular bleeding. There was no
apparent correlation with the extent of pre- or postoperative
SAH (see Table 10). Among patients without a primary brain
lesion and with subarachnoid blood on postoperative CT,
13% had a silent postoperative infarct, as had 17% of the
patients without subarachnoid blood on postoperative CT. In
all patients, the infarct could be seen as a hypodense lesion
on CT 3 days after operation.

Hydrocephalus

The condition of a 53-year-old man who had preopera-
tively been graded 1V deteriorated immediately after opera-
tion. CT 3 days after operation showed an iatrogenic intra-

Patients with Silent Infarcts after SAH and Acute Operation without
Surgical Complications®

Hunt & _SAH Gra_Qe Outcome
H — Grade
: ess .
Patient Grad Location 1 mo
rade  Preop. Postop. after
Preop .
Operation
1 I 3 1 Caudate nu- 1
cleus
2 I 1 0 Frontobasal 1
3 111 1 0 Frontal 1
4 11 2 0 External cap- 1
sule

“ Abbreviations: Postop., postoperative; Preop., preoperative.

cerebral hemorrhage and a hypodense lesion. The day after
the external ventricular drainage system had been mistakenly
withdrawn on the 5th postoperative day, the patient fell
comatose and exhibited a decerebrate posture. CT showed
massive hydrocephalus. A new external drain was placed to
relieve the highly elevated intracranial pressure. However, the
patient remained in a vegetative state.

Three patients developed delayed hydrocephalus and re-
quired a shunting procedure. One of these had intracerebral
and intraventricular hemorrhage, and the second patient was
preoperatively in Class 2 SAH; both were clinically graded IV
preoperatively. The third patient was preoperatively graded V
and harbored an aneurysm of the anterior communicating
artery. The patient was in a “coma vigile” 1 month after
operation when CT showed an increase in ventricular size.

Twelve other patients showed transient ventricular enlarge-
ment on postoperative CT without clinical deterioration and
did not require a shunt.

Outcome

Thirty-seven patients had a completely uneventful postop-
erative course (except for a slight transient psychoorganic
syndrome) with gradual improvement of their preoperative
state. The follow-up results of these 37 patients and the 28
patients with postoperative complications are summarized in
Table 4.

After 1 month, 20 of 28 Grade I-II patients were free of
any symptoms. Minimal deficit without surgical complication
and no “silent infarct™ was observed in 4 Grade I-II patients
who still felt physically unable to work (1 also had an oculo-
motor palsy), but were fully normal at 3 months (except the
oculomotor palsy). Three patients had moderate neurological
deficits after complicated operation. One patient initially
graded II who had a surgical complication (diencephalic in-
farct) (see Table 7) had an outcome grade of 4 at 1 month
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(diabetes insipidus, anorexia) and died 3 months after opera-
tion from pneumonia. Of the 21 Grade III patients. 7 were
asymptomatic, 9 had minimal deficit, 4 had moderate deficit,
and | had severe deficit. One patient with an anterior com-
municating aneurysm preoperatively graded III had presented
with Korsakoff's syndrome. The syndrome lasted abnormally
long, until 1 month after operation, and then resolved fully
during the following month. The patient, a medical doctor in
general practice, returned to his profession without any further
sequelae, and CT was normal. Of 8 Grade 1V patients, 3 had
minimal, 2 had moderate, and 3 had severe deficits. Six of
the 8 Grade V patients did not survive the 1st postoperative
week; 1 patient had a severe deficit, and the other had a
moderate deficit. The latter patient was a 67-year-old woman
who had suffered a Class 2 SAH and a massive subdural
hematoma from a ruptured right internal carotid aneurysm.
She was comatose and exhibiting a decerebrate posture pre-
operatively, was operated upon on the day of the hemorrhage,
and was fully alert at the end of the 1st postoperative week,
although she had a left-sided hemiparesis.

At 6 months (Table 4), there was minimal deficit in six
patients with intra- or postoperative complication. Of two
surgically uncomplicated cases, one patient developed oculo-
motor palsy and the other, preoperatively graded III, devel-
oped a deficit from initial bleeding into the corpus callosum.
This blood was visible postoperatively as a small hypodense
lesion.

There were 7 management fatalities among the whole series
of 65 patients who were followed for 6 months. Six of these
patients had been graded V preoperatively, and the 7th was a
late mortality after a complicated operation (see Table 7). No
Grade I-1V patient had died by the 1-month follow-up ex-
amination. The mortality after 6 months was 11%. A sum-
mary of the outcome vs. the preoperative condition is given
in Table 11.

Nimodipine Treatment

No important side-effect such as arterial hypotension or
increased intracranial pressure was noted. Transient systolic
pressures as low as 80 mm Hg were recorded on several
occasions in normotensive patients and were also observed in
patients not receiving nimodipine. Headache was a frequent
complaint in patients both receiving and not receiving ni-
modipine. The CSF levels of nimodipine during its i.v. infu-
sion were always below the sensitivity range of the technique,
i.e., below 2 ng/ml. The plasma levels during i.v. and p.o.
administration are summarized in Table 12. The values varied
considerably among different patients and at different times
in individuals.

DISCUSSION

Timing of operation

The reasons given for acute operation are (a) to overcome
the most severe complication, rebleeding; (b) to reduce the
severity of symptomatic vasospasm by evacuating blood clots;
(¢) to treat symptomatic vasospasm more aggressively: and

TABLE 11
Results at 6 Months Related to Preoperative Grade

No. Patients in Preoperative Grades:

6-mo Follow-up
Results I-11 1HI-1V Vv

Excellent—fair 96% 86% 14%
Poor—dead 4% 14% 86%
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TABLE 12
Mean Plasma Nimodipine Levels in 15 Patients

‘ Nimodipine Level
Time of Measurement =
Mean Range

During i.v. treatment 53 12-98
Six hours after i.v. treatment was stopped 17 2-33
One hour after 60 mg p.o. 22 7-48
Two hours after 60 mg p.o. 16 4-40
Four hours after 60 mg p.o. 15 3-32
Six hours after 60 mg p.o. 13 3-41

(d) to lower the complication rate by shortening the period of
bedrest (34). A recent argument against acute operation is
that the dysregulation of cerebral blood flow and blood vol-
ume (24, 32) may combine with the additional surgical
trauma to cause massive brain swelling, the “angry swollen
brain” that requires major tissue resection. Spatula pressure
upon poorly perfused brain may cause more ischemic surgical
lesions and thereby depress the overall results. Recently re-
ported data (34) and the present study do not substantiate
either concern; a severely swollen brain was encountered in
only 2 of our 65 patients.

Infarction not related to the initial hemorrhagic brain lesion
or to surgical complications other than spatula pressure was
noted in 8 patients among the 59 survivors of the immediate
postoperative period, 4 without accompanying neurological
symptoms (see Table 10) and 4 with clinical deterioration
(Table 7). This 14% incidence of probable surgical lesions
causing reversible or irreversible morbidity or mortality in 7%
is difficult to compare with other series because complete
follow-up CT of patients operated upon during a later stage
includes infarcts from symptomatic preoperative spasm and
usually shows ischemic lesions in about 30%.

Patients with a low pre- or intraoperative cerebral blood
flow (CBF) had a worse prognosis (2, 41). Preoperative studies
of CBF and cerebral blood volume might be useful indicators
to select candidates for delayed operation, improving results
by preventing surgically induced ischemic lesions. The risk of
rebleeding would be low in a group of patients with low CBF
(2); however, the risk of delayed ischemic symptoms might
be high, with a low CBF announcing the development of
symptomatic vasospasm (36). Alternatively, pharmacologi-
cally induced normalization of CBF during acute operation
in these patients should be considered together with intra-
operative CBF studies. In this study, this pharmacological
concept is exemplified by the local administration of nimo-
dipine. However, intraoperative assessment of CBF was not
performed. Patients with preoperative vasospasm did not have
a worse outcome in this series.

Massive premature rupture of the aneurysm during opera-
tion in five patients caused a 1.5% mortality and a 5% surgical
morbidity with minimal deficit. Acute operation does not,
therefore, seem to increase the risk of deterioration due to
aneurysm rupture. Aneurysm rupture correlated with poor
prognosis in another study, where the combined management
morbidity and mortality was 58 % after intraoperative rupture,
compared to 28% without rupture (52).

The present data show that acute operation in patients
graded I-IV seems to improve the outcome (see Table 11),
although it remains evident that prognosis correlates with the
initial clinical condition and that management mortality and
morbidity are higher in patients who are in poor condition
preoperatively. Our results do not support the assumption
that acute operation should be restricted to patients in good
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preoperative condition. Patients graded IV or III before acute
operation did not have a worse outcome when compared with
patients treated with delayed operation, as is seen in Table
11.

Acute operation did not seem to influence the outcome of
patients graded V except in the patient with additional mas-
sive subdural hematoma. This somewhat misleading impres-
sion was due to several deaths caused by unrelated problems
such as thrombosis of the mesenteric artery or pneumonia, as
occurred after an astonishingly rapid postoperative recovery.
Comatose patients with massive 5SAH and hydrocephalus but
no devastating intracerebral hemorrhage do have a chance to
survive,

Delayed ischemic deficit, vasospasm

The incidence of angiographic vasospasm in patients after
SAH has been reported as 24% (38) to 76% (28, 37, 38, 40,
48). Angiographically diagnosed vasospasm roughly doubles
the incidence of delayed ischemic deficit (55), the latter being
observed in about 30% of the published series (34, 37, 38,
53-55, 57, 65, 70); delayed ischemic deficit does not correlate
well with the incidence of angiographic spasm per se or with
decreased CBF unless compared with the extent of angio-
graphic spasm (15, 24, 50, 54).

Postoperative angiographic vasospasm was less frequent
and less severe after acute operation (55). However, the time
course of the development of angiographic spasm was not
influenced by surgical intervention (53, 55). Although angio-
graphic asymptomatic vasospasm has not been excluded in
this series because regular control angiography was not per-
formed, delayed symptomatic vasospasm with permanent
neurological deficit, although very likely in one patient (Table
9, Patient 4), did not clearly and unequivocally play a domi-
nant role in any patient in this series. The incidence of
permanent delayed ischemic deficit or death from vasospasm
after acute operation in other recent series varied between
11% and 58% in Grade I-IV patients (34, 48, 65, 66, 72) and
between 10% and 21% in Grade I-1II patients (39, 40, 72).

Less severe ischemic symptoms due to vasospasm, reversi-
ble in 90% of the cases, were seen after acute operation and
evacuation of as much subarachnoid blood as possible (34).
With the aggressive evacuation of subarachnoid blood, the
incidence of symptomatic vasospasm was reduced from 28 to
11% in Taneda's series (65, 66). The extent of preoperative
SAH on CT has repeatedly been described as one of the
deciding factors in the occurrence of a delayed permanent
neurological deficit from symptomatic vasospasm (11, 13, 16,
45, 53-55, 58, 63). This observation was also made in the
four patients with ischemic complications in the present series
(Table 9).

The distinction between postoperative cerebral lesions due
to vasospasm and those due to the surgical procedure (such
as from the pressure of the self-retaining retractor) is very
difficult, if not impossible. Especially in patients who were in
an unfavorable condition preoperatively and who also suf-
fered intracerebral hemorrhage, focal neurological deficit, and
disturbance of consciousness, such differentiation during the
postoperative period is frequently complicated because of the
complexity of the pathophysiological events (57). If the patient
was in a favorable condition preoperatively, it may be difficult
to classify postoperative cerebral lesions on CT without post-
operative deterioration of the clinical picture, especially if the
typical clinical course known to occur with severe angio-
graphic spasm is absent. “Silent” ischemic lesions on postop-
erative CT (i.e., those not accompanied by a preoperative
lesion from bleeding or by postoperative deterioration of the
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patient’s condition) occurred in four of our patients. Basically,
these clinically silent infarcts could be considered as sequelae
of vasospasm. In all four patients, however, the ischemic
lesion had been seen as edema (hypodense lesion) on CT 3
days after operation (i.e., 3 to 4 days after SAH). This suggests
that the lesion was caused by operation (e.g., by spatula
pressure) rather than by vasospasm. If vasospasm had caused
the infarct, the hypodense lesions on CT would have appeared
at a later stage, which is typical for the late type of spasm. It
may be accurate to ascribe such lesions to the surgical proce-
dure itself if the patient was in a good clinical condition both
pre- and postoperatively and if the lesion was visible when
CT was first performed 3 days postoperatively.

Besides iatrogenic trauma with the self-retaining retractor,
a primary event during the initial SAH could explain such
lesions: as a consequence of the sudden rise during SAH of
intracranial pressure up to the level of arterial pressure, cere-
bral circulation stops for a period, the length of which might
be one of the factors deciding prognosis. As the intracranial
pressure slowly regresses and cerebral perfusion is continued,
circumscribed areas of “no reflow” have been observed (67).
These ischemic zones might well be missed on initial CT on
the day of hemorrhage and then become apparent on the first
postoperative scan. To distinguish clearly between postoper-
ative sequelae from morphological changes caused by the
aneurysmal hemorrhage and the onset of delayed ischemic
deficit from severe arterial spasm alone, in 1981 researchers
began an open multicenter study for the observation of a
beneficial effect of nimodipine, which is being continued (5).

The better outcome of patients in the present series com-
pared to acutely operated patients in other recent series sug-
gests an effect of nimodipine. Excellent to fair results were
obtained in 91% of the patients preoperatively graded I-1V,
as opposed to 72% in a comparable series (72). The outcome
was excellent to fair in 96% of our Grade I-III patients and
in 83 to 87% of those in other studies (39, 40, 72). Above all,
however, better outcomes were observed in Grade III and IV
patients; there was a poor outcome or death in 14% in our
series but in 38 to 47% in other series (33, 66, 72). It remains
unclear to what extent so-called “asymptomatic vasospasm,”
as eventually seen on postoperative angiograms, may have
played a role in the origination or aggravation of cerebral
lesions. Several observations in our patients indicate that
angiographic vasospasm is not suppressed fully by the treat-
ment protocol of acute operation and nimodipine, but is
mitigated so as to keep patients free of irreversible symptoms.
Other studies have also suggested such an effect of nimodipine
(3, 6).

The unfortunate development of an angiographic compli-
cation in one of our patients (Table 9, Patient 3) suggests that
asymptomatic spasm could have been changed suddenly into
severe spasm by the effect of the contrast medium. On the
other hand, it seems dangerous to stop nimodipine treatment
before Day 14 after SAH if the absence of vasospasm has not
been proven; symptomatic vasospasm threatens only an un-
predictable proportion of patients, and the final goal is to
focus prophylactic measures on these cases. Our experience
urges us to find an alternative to angiography, especially when
vasospasm must be suspected either by the clinical course or
by the interval from SAH and the extent of pre- and postop-
erative subarachnoid blood accumulation. Transmural Dop-
pler sonography might be a valid new technique (22).

One of the reasons for the difficulty in treating severe late
vasospasm successfully might be myonecrosis of the walls of
the involved vessels, which may thus become unreactive to
vasodilator drugs (1). Therefore, prevention rather than treat-
ment of vasospasm is advocated, as was recently also suggested
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by Wilkins (71), and this led to the development of the
presently used protocol for the administration of nimodipine
(5). It remains a matter for further investigation to determine
the manner in which nimodipine is effective. One explanation
for the prevention of ischemic symptoms by nimodipine
despite angiographic narrowing or spasm of larger arteries of
the circle of Willis was given by the authors of a controlled
study in patients that indicated that the i.v. infusion of ni-
modipine dilates predominantly the small resistance vessels
(8). Moreover, during topical perivascular treatment with
nimodipine, there is a cross correlation between vessel size
and the percentage of dilatation (6, 9). Thus, opening of the
pial collateral circulation could prevent focal ischemia. In
fact, nimodipine increases the CBF in animals and in humans
(18, 21, 25-27, 35) without causing a steal mechanism from
hypoperfused brain.

In contrast, the solvent used with nimodipine (ethanol,
polyethylene glycol) had no effect on human pial vessels when
administered intravenously (8). Moreover, all 49 analyses of
the blood level of alcohol during the intravenous administra-
tion of nimodipine in 7 patients in the present series were
negative. A recent experiment showing a greater effect of the
solvent than of nimodipine is not relevant because much
higher doses of solvent and lower doses of nimodipine were
used (47). Rheological factors as well as an influence on
neuronal calcium metabolism have also been suggested (61)
to explain the effect of nimodipine.

The better outcome of the patients presented here com-
pared to the outcome after p.o. nimodipine treatment alone
(3) might well derive from three factors: (a) Intraoperative
topical administration provides an immediate high concentra-
tion of the drug, which reaches the smooth muscle cells more
easily from the perivascular space than through the blood-
brain barrier (25). (b) Plasma levels of nimodipine seem to
become 2 to 3 times higher with the indicated i.v. dosage rate
than with oral administration (10). (CSF levels, however, did
not become higher.) (¢) Continuous infusion assures a per-
manent level of nimodipine compared to fluctuation pro-
duced by drug intake at 6-hour intervals.

CONCLUSION

I am fully aware that the present study is another anecdotal
report that does not prove the beneficial effect of acute
operation or an effect of the calcium antagonist nimodipine
when considered in the light of modern biostatistics, which
do not allow methods other than a controlled study. These
first observations might, however, show how to proceed in
the development of a regimen that definitively improves the
outcome of aneurysm treatment by controlling ischemia from
vasospasm.

Higher numbers of patients will be necessary to show
unequivocally an effect of nimodipine or to allow a controlled
study as soon as unequivocally defined severe symptomatic
vasospasm occurs in a significant number of patients despite
the application of the present protocol.
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COMMENT

This is a well-documented series of 65 patients admitted
acutely after aneurysmal subarachnoid hemorrhage, all of

Neurosurgery, Vol. 15, No. 1

whom were treated with the calcium channel-blocking agent
nimodipine and all of whom underwent operation within 72
hours of the ictus. The characteristics of the patients on
admission were similar to those in other large series: 75%
were in “good condition” (Hunt and Hess Grades I to III).
Dr. Auer’s results were quite gratifying. Six months after the
hemorrhage, 75% of the entire group of patients had a favor-
able outcome (capable of leading a full and independent life,
with or without neurological deficit). The favorable outcome
related to preoperative neurological status was equally im-
pressive: Grade I, 100%; Grade II, 94%; Grade III, 80%;
Grade 1V, 38%, Grade V, 0%. Particularly noteworthy is the
observation that only 6% of the patients developed delayed
ischemic neurological deficits presumably related to vaso-
spasm. These deficits were permanent in only 3%. This is
considerably better than the recent results from the Interna-
tional Cooperative Study on the Timing of Aneurysm Surgery,
in which the rate of delayed ischemic neurological deficits
was 30%, resulting in permanent impairments in 15% (2).

Data from the Cooperative Aneurysm Study have suggested
that delayed operation will result in a favorable outcome in
only 45t0 50% (1). Dr. Auer’s results obviously seem superior.
The question that remains, however, is whether his superior
results are related to early operation, nimodipine, other uni-
dentified factors, or a combination thereof. Other series of
early operation without calcium channel-blocking agents have
also yielded an overall favorable outcome of approximately
75%. Although further studies are required to determine
precisely which factors are responsible for the improving
results in the management of patients with ruptured aneu-
rysms, the general sense is that the situation is improving
markedly. Dr. Auer’s report will serve as a standard that all
of us must strive to meet.

Neal F. Kassell, M.D.
lTowa City, lowa
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