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In a consecutive series of 473 patients admitted within 72 hours after a subarachnoid
hemorrhage, 91 (19%) had hydrocephalus on the initial computed tomogram. Consciousness
was unimpaired in 25 of the 91 (28%). In 11 more patients acute hydrocephalus developed within
1 week after subarachnoid hemorrhage. Thirty-eight (8%) of all 473 patients subsequently
showed clinical deterioration because of acute hydrocephalus; 11 of these 38 had fluctuations in
the level of consciousness. Of the 66 patients with acute hydrocephalus and impaired
consciousness on admission, 26 (39%) spontaneously unproved within 24 hours. Ventricular
drainage was performed in 32 (31%) of the 102 patients with acute hydrocephalus (7% of all 473
patients). Consciousness improved after ventricular drainage in 25 (78%) of the 32 patients.
Ventriculitis developed in 12 of the 24 patients with external drainage, mainly after > 3 days of
drainage, and in none of the eight patients with an internal shunt. Among the 340 patients with
aneurysmal subarachnoid hemorrhage and no long-term tranexamic acid treatment, the
frequency of rebleeding hi patients with ventricular drainage (43% of 23) was significantly
higher than hi hydrocephalic patients without drainage (15% of 52 patients; * 2 =5.009, p=0.025)
and patients without acute hydrocephalus (20% of 265 patients; * 2 =5.521, p=0.019). We
conclude that spontaneous improvement occurs hi half of the patients with acute hydrocephalus
and unpaired consciousness on admission, which is usually apparent within 24 hours, and that the
outcome of patients who need ventricular drainage will improve if rebleeding and infection after
insertion of the ventricular dram can be prevented. (Stroke 1989^0:747-753)

A

cute hydrocephalus after subarachnoid hemorrhage is not uncommon. The frequency
depends on the criteria used for the diagnosis and ranges from 9%' to 67%.2 In a consecutive
series of 174 subarachnoid hemorrhage patients
admitted within 72 hours after the initial hemorrhage to the University Hospital Rotterdam's Department of Neurology, computed tomography (CT
scanning) showed ventricular enlargement (defined
as a bicaudate index exceeding the 95th percentile
for age) in 20%.3
The decision to treat acute hydrocephalus may be
difficult to make for several reasons. First, impaired
consciousness on admission may result from either
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the impact of initial bleeding or from hydrocephalus. If the impairment of consciousness is caused by
hydrocephalus, delay of ventricular drainage could
lead to a general decrease in cerebral blood flow,
precipitating cerebral ischemia. Second, when the
decision to carry out ventricular drainage has been
made, the question arises whether this should be
done by external drainage or by internal shunting.
Early shunting is probably not effective since blood
and the high protein content of the cerebrospinal
fluid (CSF) may block the shunt.4 Furthermore, not
all patients require permanent shunting. On the
other hand, external ventricular drainage may be
accompanied by serious infections.56 Third, it has
been suggested that early ventricular drainage may
precipitate rebleeding,34-6 which could be a reason
to postpone drainage until the aneurysm has been
clipped.
We describe, from a consecutive series of 473
patients, the management problems of 91 patients
with acute hydrocephalus after subarachnoid hemorrhage, as judged on the admission CT scan within
3 days after the initial subarachnoid hemorrhage,
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and of 11 patients who developed acute hydrocephalus later, but within 1 week after subarachnoid
hemorrhage. In patients with a Glasgow Coma
Score7 (GCS) of ^12 on admission, ventricular
drainage was immediately carried out if the impairment of consciousness was thought to be caused by
hydrocephalus. In all other patients and in patients
with unimpaired (GCS of 14) or slightly impaired
(GCS of 13) consciousness on admission, ventricular drainage was performed only if consciousness
deteriorated and if no other cause for this deterioration was found.
We tried to answer the following questions:
1) What is the clinical course in patients with acute
hydrocephalus, and what proportion requires ventricular drainage? 2) Does spontaneous improvement occur in patients with acute hydrocephalus
and an impaired level of consciousness? 3) Is the
frequency of cerebral ischemia increased in patients
with acute hydrocephalus? 4) Does early ventricular drainage precipitate rebleeding? and 5) What is
the risk of infection in patients treated with external
drainage without prophylactic antibiotics?
Subjects and Methods

During a period of 9 years and 5 months (from
November 1977 until May 1987) we prospectively
studied 473 consecutive patients who fulfilled the
following criteria: clinical signs of subarachnoid
hemorrhage, CT scan abnormalities suggesting a
ruptured aneurysm8 or perimesencephalic hemorrhage,9 and admission to the Department of Neurology of the University Hospital Rotterdam within 72
hours after subarachnoid hemorrhage. Acute hydrocephalus in 34 of the first 174 patients has been
reported previously, with emphasis on the diagnosis
and predisposing factors.3
Events were recorded during a period of 28 days
after the initial subarachnoid hemorrhage, or until
death or surgical treatment of the aneurysm. CT
scanning was carried out on admission and was
repeated after any clinical deterioration. The level
of consciousness was assessed by means of the
14-point Glasgow Coma Scale.7 The events were
defined as probable delayed cerebral ischemia: gradual development of focal neurologic signs, with or
without deterioration in the level of consciousness,
without confirmation by a CT scan or an autopsy;
definite delayed cerebral ischemia: deterioration of
consciousness or development of focal signs, or
both, with CT or autopsy confirmation of cerebral
infarction; probable rebleeding: sudden deterioration and death, without the possibility of proof by a
CT scan or if autopsy was refused; definite rebleeding: sudden deterioration with increased amount of
blood on the repeated CT scan or at autopsy when
compared with a previous CT scan; acute hydrocephalus: bicaudate index measured on the initial
CT scan or on a repeated CT scan within 1 week
after the initial subarachnoid hemorrhage exceeded
the normal upper limit (95th percentile) for age (<36

years of age, 0.16; 36-45 years, 0.17; 46-55 years,
0.18; 56-65 years, 0.19; 66-75 years, 0.20; and 7685 years, 0.2131011); and deterioration from hydrocephalus: deterioration of consciousness with no
cause other than hydrocephalus, confirmed by
repeated CT scanning (relative bicaudate index
[patient's bicaudate index divided by the normal
upper limit for age] of >1).
From November 1977 until January 1983 the
patients were treated with tranexamic acid or placebo during a period of 28 days after admission or
until aneurysm surgery (long-term tranexamic
acid).12 From January 1983 until March 1986 the
patients did not receive tranexamic acid, and from
April 1986 until May 1987 tranexamic acid was
given during the first 4 days after admission (shortterm tranexamic acid).
Until December 1982 the daily fluid intake was
between 1.5 and 2 1 and the patients were treated
with fluid restriction (< 1,000 ml/24 hr) in case of
hyponatremia, defined as a sodium level of si34
mmol/1 on at least 2 consecutive days.13 From
January 1983 onward the daily fluid intake was at
least 3 1 in all patients, and fluid restriction and
diuretic medication after admission were avoided.
Unless the patient was on antihypertensive medications on admission, this treatment was not given.
When signs of cerebral ischemia developed, extra
fluid in the form of albumin was administered.
Cerebral angiography and aneurysm surgery were
performed depending on the patient's clinical condition. Aneurysm surgery was usually planned on
Day 12.
There was a 3-month follow-up of the survivors,
including those who underwent aneurysm surgery.
The outcome was assessed according to the 5-point
Glasgow Outcome Scale.14
The fourfold tables were analyzed with Yates'
corrected x1 test. lithe expected number in any cell
was <5, the fourfold tables were analyzed with
Fisher's exact probability test (two-sided).
Results

Acute hydrocephalus was measured on the CT
scans on admission in 91 (19%) of the 473 patients.
Of these 91 patients, 25 (28%) had no impairment of
consciousness on admission (GCS of 14), 13 (14%)
had a GCS of 13, and in the remaining 53 (58%) the
GCS was ^12. The degree of ventricular enlargement was not clearly diiferent among these groups
(Figure 1). In another 11 patients (3% of the 382
patients without hydrocephalus on admission), ventricular enlargement was found on a repeat CT
scan, after clinical deterioration had developed,
within 1 week after subarachnoid hemorrhage.
Angiography was negative in nine of the 91
patients (10%) with acute hydrocephalus on admission, in one of the 11 patients who developed acute
hydrocephalus within 1 week after subarachnoid
hemorrhage, and in 36 of the remaining 371 patients.
The proportion of ventricular enlargement on the
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FIGURE 1. Scatter plot of relative bicaudate index
(patient's bicaudate index divided by normal upper limit
for age) on admission by level of consciousness on
admission for 91 patients with acute hydrocephalus after
subarachnoid hemorrhage. GCS, Glasgow Coma Score.

initial CT scan in patients with a negative angiogram
is 20% (nine of 46 patients), which is similar to that
in all 473 patients.
The clinical course of the 91 patients with ventricular enlargement on the initial CT scan and of
the 11 patients who developed hydrocephalus within
the first week after subarachnoid hemorrhage is
shown in Figure 2.
Clinical deterioration from hydrocephalus occurred
in 38 (37%) of the 102 patients, and fluctuations of the
level of consciousness occurred in 11 of the 38. In
three patients, the deterioration was of sudden onset,
defined as <5 minutes, mimicking a rebleed; in the
remaining 35 patients, the onset was gradual (at least
hours).
There were also 38 patients with an unimpaired
(GCS of 14; 25 patients) or a slightly impaired (GCS
of 13; 13 patients) level of consciousness, of whom
28 (74%) did not show deterioration from acute
hydrocephalus or fluctuations of the level of consciousness, despite ventricular enlargement on
admission (Figure 2, A and B).
Of the 102 patients with acute hydrocephalus, 32
(31%) underwent ventricular drainage (7% of the
total group of 473 patients). One of these 32 patients
had a negative angiogram. Eight patients received a
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primary internal shunt and 24 patients an external
ventricular drain. The decision to treat hydrocephalus by external drainage or by internal shunting
was influenced mainly by the interval since the
initial bleeding. Thus, in only two of the eight
patients who had internal shunting was the shunt
implanted within 10 days after the hemorrhage
compared with 22 of the 24 patients with external
drainage. In nine of the 24 patients the external
drainage was later replaced by an internal shunt. In
10 patients (Figure 2C), ventricular drainage was
not considered because of massive intraventricular
hemorrhage. All 10 patients were in a poor clinical
condition (GCS of ^8) and all died within 48 hours
after admission.
Twenty-five (78%) of the 32 drained patients
showed an initial improvement of consciousness
after ventriculostomy. In the remaining seven
patients ventricular drainage had no such favorable
effect. One of these seven patients had been intermittently disoriented from 1 day after subarachnoid
hemorrhage; 18 days later this patient remained
disoriented for a prolonged period, and an internal
shunt was inserted without success. In two patients
clinical improvement after ventricular drainage was
precluded by the development of definite cerebral
ischemia (1 day before drainage in one patient and 5
days after drainage in the other). In two other
patients, one did not show an immediate improvement of the clinical condition and the other developed ventriculitis 3 days after ventriculostomy. In
both, the external drain was removed 3 days after
insertion. This was followed by clinical deterioration and death in both patients, 8 and 25 days after
subarachnoid hemorrhage. These two patients had
not developed focal signs, and the CT scan showed
no abnormalities other than hydrocephalus. Another
patient rebled 1 day after the insertion of ventricular
drainage and died. The seventh patient developed
ventriculitis 2 days after drainage, which was successfully treated with antibiotics. However, this
patient remained in a poor clinical condition and
died 25 days after subarachnoid hemorrhage.
Twelve (50%) of the 24 externally drained patients,
but none of the eight internally drained patients,
developed ventriculitis (Figure 3) that was confirmed by positive bacterial cultures of the CSF
{Staphylococcus epidermidis in most patients). In
five (42%) of these 12 patients, the ventricular
catheter was removed because of the infection. In
one patient, ventriculitis was followed by a lethal
septic shock. Two other patients suffered nonfatal
deterioration from ventriculitis.
The factors known to affect the risk of rebleeding
are long-term tranexamic acid treatment12 and clipping of the aneurysm. No other factors (including
short-term tranexamic acid treatment [unpublished
data]) have been reliably identified.15 The frequency
of rebleeding within the first 12 days was compared
between groups of patients with aneurysmal subarachnoid hemorrhage with and without long-term
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tranexamic acid treatment (75 rebleeds, 27 ventricular drains; Table 1). In patients without long-term
tranexamic acid treatment, the rebleeding rate of
patients with ventricular drainage was significantly
higher than that in patients without acute hydrocephalus (43% vs. 20%; x 2 =5.521, p=0.019) and in
patients with acute hydrocephalus without ventricular drainage (43% vs. 15%; A- 2 =5.0O9, p=0.025). In
patients who were treated with long-term tranexamic acid, the numbers were too small for statistical
comparison (Table 1).
Among the 427 patients with aneurysmal subarachnoid hemorrhage, delayed cerebral ischemia developed in eight (all definite) (26%) of the 31 hydrocephalic patients with ventricular drainage, in 18
(four probable and 14 definite) (30%) of the 61
hydrocephalic patients without ventricular drainage, and in 63 (19%) of the 335 patients without
acute hydrocephalus (the two groups with acute
hydrocephalus vs. that without acute hydrocephalus; * 2 =3.359, p=0.067).
Outcome after 3 months in 427 patients with
aneurysmal subarachnoid hemorrhage is shown in
Table 2. The proportion of patients who were
independent 3 months after subarachnoid hemor-

rhage was significantly lower in patients with acute
hydrocephalus with or without ventricular drainage
than in patients without acute hydrocephalus
(*2=4.637, p=0.031; Table 2). The higher proportion of patients without drainage dying of the initial
hemorrhage was offset by the higher proportion of
patients dying of complications after ventricular
drainage (Table 2).
Only one of the 10 patients with acute hydrocephalus and negative angiography showed clinical deterioration from acute hydrocephalus and underwent
ventricular drainage. Neither rebleeding nor delayed
cerebral ischemia was observed, and the outcome of
these patients after 3 months was invariably good.
Discussion
In our unselected consecutive series of 473
patients admitted to the Department of Neurology
within 72 hours after subarachnoid hemorrhage, CT
showed hydrocephalus on admission in 19%. The
same frequency of acute hydrocephalus was found
in a subgroup of 46 patients with clinical signs and
symptoms of subarachnoid hemorrhage and blood
in the basal cisterns but a negative angiogram. In
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consciousness did not subsequently deteriorate from
acute hydrocephalus.
Of the 53 patients with a GCS of < 12, in 19%
ventricular drainage was not considered because
the ventricles were completely filled with blood; in
8% ventricular drainage was immediately performed. In the remaining 73%, the decision to treat
acute hydrocephalus was delayed; half of these
patients recovered spontaneously. The degree of
ventricular enlargement did not predict spontaneous recovery.
A remarkable feature in the 38 patients with
deterioration from acute hydrocephalus was that
29% had fluctuations in their level of consciousness.
This made the decision to treat acute hydrocephalus
difficult because our policy was to start treatment
only if patients deteriorated from acute hydrocephalus or failed to improve; because any improvement
was repeatedly considered as the beginning of spontaneous and lasting recovery, ventricular drainage
was often delayed, which led in some cases to
persistent impairment of consciousness.
In 31% of the 102 patients with acute hydrocephalus on CT (7% of all 473 patients with subarachnoid hemorrhage) ventricular drainage was performed. Ventricular drainage resulted in clinical
improvement in 78%, but the outcome after 3 months
remained poor.
The most frequent adverse events after ventricular
drainage were rebleeding and infection. The risk of
rebleeding was significantly increased after ventricular drainage, and in 42% of the 12 externally drained
patients developing ventriculitis the drain had to be
removed because of infection. After 3 months, the
outcome of patients with acute hydrocephalus, with
or without ventricular drain, was worse than that of
patients without acute hydrocephalus.
The frequency of acute hydrocephalus in our
series is in accordance with the findings of one other
study6 and is different from those of many
others. 2616 - 25 These differences can be explained by
the less reliable criteria used for the diagnosis, by
patient selection, and by timing of the investigations.
Remarkably, only little has been written on the
indications for ventricular drainage in acute hydrocephalus after subarachnoid hemorrhage. In our
series, the decision to treat acute hydrocephalus

proportion of ventriculitia

0.6-
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(7)

no of days after insertion of external drain

FIGURE 3. Bar graph ofproportion of externally drained
patients with hydrocephalus after subarachnoid hemorrhage developing ventriculitis over time. Number of
patients with external catheter in situ in parentheses.

these 46 patients, acute hydrocephalus was the only
cerebral complication.
The risk of deterioration from hydrocephalus
between 3 days and 1 week after subarachnoid
hemorrhage in patients without ventricular enlargement on admission is low (3%).
Acute hydrocephalus was not symptomatic in all
91 patients with enlarged ventricles on admission.
The level of consciousness was unimpaired in 28%,
slightly impaired in 14%, and moderately to severely
impaired in 58%. There was no relation between the
level of consciousness and the degree of enlargement of the ventricles. The majority of the patients
with an unimpaired or a slightly impaired level of

TABLE 1. Rebleeds With or Without Long-term Tranexamk Add Treatment in Relation to Acute Hydrocephalus and Ventricular Drainage
In 427 Patients After Aneurysmal Subarachnoid Hemorrhage

Ventricular drainage
No
Long-term
tranexamic
acid treatment
Yes
No

No hydrocephalus
Rebleeds
70
265

4
53

Yes
Hydrocephalus

Hydrocephalus
Rebleeds
6
20*

13
52

0
8

Rebleeds
0
15t

4
23

0
10

Hydrocephalus within 1 week after subarachnoid hemorrhage; drainage within 12 days after subarachnoid hemorrhage.
*tp<0.02, <0.03, respectively, different from hydrocephalus with drainage without long-term tranexamic acid treatment.

0
43
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TABLE 2.

Outcome 3 Months After SAH in Relation to Acute Hydrocephalus in 427 Patients With Anenrysmal SAH

Hydrocephalus
Yes
Ventricular drainage
Yes

No

No

Outcome

no.

%

no.

%

no.

%

Dead
Initial SAH
Rebleeding
Delayed cerebral ischemia
Hydrocephalus
Other
Dependent
Independent
Total

17
0
7
3
5*
2
6
8
31

55
0
41
18
29
12
19
26

37
8
12
7
2*
8
4
20
61

60
22
32
19
5*
22
7

158
35
61
22

47

33t

4t
36
31
146
335

22
38
14
3
23
9
44
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% of total. SAH, subarachnoid hemorrhage.
'Includes patients who died of ventriculitis or drain removal following ventriculitis.
tHydrocephalus that developed >1 week after initial SAH.
tp<0.05 different from no hydrocephalus.

was delayed in the majority of the patients. We
found that most patients with an unimpaired level of
consciousness on admission do not need ventricular
drainage and that even patients with an impaired
level of consciousness on admission may spontaneously improve. The delay of ventricular drainage
need not be unduly long since the majority of
patients who recover spontaneously do so within 24
hours after admission (Figure 2). Not only those
who fail to recover within 24 hours, but also those
who then again deteriorate without evidence of
complications other than hydrocephalus, are serious candidates for ventricular drainage.
Could the higher rebleeding rate after ventricular
drainage be explained by factors other than drainage? Probably not. Factors such as the level of
consciousness and the amount of cisternal and intraventricular blood on admission are associated with
delayed cerebral ischemia and outcome26-27; shortterm tranexamic acid treatment is associated with
cerebral ischemia (unpublished data), but none of
these factors are associated with rebleeding. No
factor other than medical (long-term tranexamic acid)
or surgical intervention have been reliably associated
with rebleeding.13 After corrections for these factors,
the rebleeding rate was significantly higher in patients
with than in patients without ventricular drainage,
with or without acute hydrocephalus.
In a previous report on the first part (37%) of this
series,3 the frequency of delayed cerebral ischemia
and mortality from cerebral ischemia was very high
in patients with ventricular drainage. In this extended
series, the frequency of and mortality due to delayed
cerebral ischemia in patients with acute hydrocephalus was still higher, but no longer significantly so,
than in patients without acute hydrocephalus, probably because fluid restriction was no longer applied
in patients with hyponatremia,13 a frequent complication of hydrocephalus in subarachnoid hemor-

rhage.328 There was no difference in this respect
between patients with or without ventricular drainage for acute hydrocephalus. Therefore, it is unlikely
that a short delay in the treatment of acute hydrocephalus will result in an increased frequency of
cerebral ischemia.
What can be done to improve the outcome of
patients with acute hydrocephalus? Although the
risk of rebleeding can be diminished by long-term
antifibrinolytic treatment, the benefit is negated by
an increased frequency of delayed cerebral
ischemia.12 To improve outcome, it might be necessary to combine antifibrinolytic agents with plasma
volume expansion29 or calcium antagonists,30 but
even if this treatment combination is effective, it
remains to be seen whether such a combined regimen would be effective after ventricular drainage.
An alternative could be to have treatment of hydrocephalus by ventricular drainage soon followed by,
or simultaneously performed with, clipping of the
aneurysm.6 Such a policy will improve outcome
only if early surgery is not accompanied by increased
mortality and morbidity.
It has also been suggested that rebleeding after
ventricular drainage can be prevented if the CSF
pressure does not fall below 15-25 mm Hg.4-31 We
could not confirm this since the CSF pressures after
drainage in our series were within this "safe"
range.
Infection was a frequent complication in the
externally drained patients, especially if drainage
was maintained for >3 days. Ventriculitis as a
possible serious complication after drainage in hydrocephalus following subarachnoid hemorrhage was
discussed by Diaz in a comment on the paper by
Milhorat.6 Diaz suggested that ventriculitis can be
prevented by using a long subcutaneous tunnel.
Others preferred antibiotic prophylaxis 52032 and a
short duration of external drainage.332
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Another possibility might be to treat hydrocephalic patients with serial lumbar puncture, 11922 provided the CSF blockage is in the subarachnoid
space and not in the ventricular system. The risk of
infection with this procedure is small, and the fall in
CSF pressure is probably more gradual. Whether
patients with acute hydrocephalus after subarachnoid hemorrhage really benefit from this simple
procedure is presently being investigated.
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