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Abstract
Introduction: It is crucial to predict and prevent re-bleeding from ruptured
intracranial aneurysms in patients with subarachnoid hemorrhage (SAH).
During the prehospital period and on arrival to the hospital, blood glucose
and serum potassium levels, as well as changes in levels of consciousness were
assessed in patients in the acute stage of spontaneous subarachnoid hemor-
rhage. These assessments were analyzed as possible risk factors for re-bleed-
ing and as potential contributors to the prevention of re-bleeding, both in
prehospital care and after hospital admission.
Methods: Upon the arrival of 202 patients with spontaneous subarachnoid
hemorrhage, the following indications were examined retrospectively: (1) pres-
ence/absence of re-bleeding; (2) time interval between the onset of SAH and
re-bleeding; (3) level of consciousness using the Glasgow Coma Scale (GCS)
score before and on arrival; (4) amount and distribution of subarachnoid
blood using Fisher's Computerized Tomography Classification; (5) blood
pressure; (6) blood glucose concentration; and (7) serum potassium concen-
tration. The patients were hospitalized in the Yokohama City University
Critical Care and Emergency Center (Yokohama, Japan) between January
1991 and December 2000. The re-bleeding rate was analyzed using the chi-
square {y} test, and the averages and standard deviations of hematological
data were compared using the Mann-Whitney {/-test. The level of statistical
significance was set at̂ > <0.05.
Results: The overall re-bleeding rate was 20.8%. Among 119 patients with a
GCS score of 3-7 before arrival, 42 (35.3%) had re-bleeding, but none of the
83 patients with a GCS score of 8-15 before arrival had re-bleeding. Of 105
patients with a GCS score of 13-15 on arrival, 14 (51.8%) of 27 patients
whose consciousness level was a GCS score of 3-7 before arrival experienced
re-bleeding. The re-bleeding rate of this group was high. Moreover, this re-
bleeding group had a significantly higher blood glucose concentration than
did the patients whose GCS score was 13-15 both before and on arrival.
Between the patients with or without re-bleeding, there was no significant dif-
ference in the blood pressure on arrival or in distribution according to Fisher's
Computerized Tomography Classification
Conclusion: Since the re-bleeding rate is high in patients who have hyper-
glycemia and a history of a level of consciousness as low as a GCS score of 3-7,
a detailed assessment of level of consciousness and blood glucose tests performed
on arrival provide important information that will contribute to predicting and
preventing re-bleeding. This may be extended to the prehospital phase, because
blood glucose tests are simple and safe when performed by paramedics.
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Introduction
Prevention of re-bleeding from ruptured intracranial
aneurysms in patients with subarachnoid hemorrhage
(SAH) is crucial. To date, much has been published about
the risk factors for re-bleeding from ruptured intracranial
aneurysms such as their size, shape, location, blood pres-
sure, neurological grade on arrival at hospital, and amount
of subarachnoid blood.1"3 Changes in the consciousness
level of patients with SAH also might predict the risk for
re-bleeding.4 However, information concerning changes in
the level of consciousness not always are available because
the assessment of consciousness level before arrival may not
be reliable in some patients with disturbance of conscious-
ness. On the other hand, various studies have demonstrat-
ed that the presence of hyperglycemia and hypokalaemia in
the acute stage of some patients with SAH are predictors
of outcome. '7'8>10~17 This study analyzed blood glucose
and plasma potassium concentrations, and changes in the
level of consciousness as possible risk factors for re-bleed-
ing. Their potential contributions of these factors to the
prevention of re-bleeding, both in prehospital and after
hospital care settings also were examined.

Methods
A total of 281 patients with spontaneous SAH diagnosed by
computerized tomography (CT) were hospitalized in the
Yokohama City University Critical Care and Emergency
Center (Yokohama, Japan) from January 1991 to December
2000. Among them, 74 patients (26.2%) were in cardiopul-
monary arrest upon arrival, and five patients had undergone
hemodialysis. These 79 patients were excluded from the study.
An angiography detected an aneurysm in 172 (85.2%) of the
remaining 202 patients. In the other 28 patients (1%), angiog-
raphy was not performed because of the patients' poor clinical
condition, and in two patients the angiogram revealed no
abnormal findings that could have caused a SAH, such as an
aneurysm or arteriovenous malformation.

The following factors were assessed: (1) the presence or
absence of re-bleeding; (2) blood pressure on arrival; (3) time
interval between the onset of SAH and re-bleeding; (4) the
situation at the time of re-bleeding; (5) changes in con-
sciousness level using the Glasgow Coma Scale (GCS)
score; (6) amount and distribution of subarachnoid blood
using Fisher's CT classification on arrival; and (7) blood
glucose (mg/dL) and serum potassium (mEq/L) concen-
trations on arrival at the hospital.18 In this study, re-bleed-
ing was presumed when patients exhibited clinical signs of
SAH, such as sudden headache or definite deterioration of
the level of consciousness associated with rapid changes in
vital signs. In most of these patients, the increase in sub-
arachnoid blood on the CT was confirmed by comparison
with a previously recorded CT. To determine the GCS
score before arrival, anamnesis, including information
about the prehospital condition of the patients, was
obtained from patients, bystanders (such as family mem-
bers), or ambulance crew. The worst GCS score recorded
was adopted as the GCS score before arrival at the hospi-
tal if there were changes in the level of consciousness during
the prehospital period. Blood samples were obtained on

arrival, within 24 hours after arrival, and before the operation
or re-bleeding. The rates of re-bleeding were analyzed using
the chi-square (x2' test. The averages and standard deviations
of blood pressure and hematological data were compared
using the Mann Whitney t/-test. The level of statistical sig-
nificance was set at p <0.05. These data were analyzed using
commercially available software (StatView 5.0 J; Abacus
Concepts, Berkeley, California).

Results
The baseline characteristics of the 202 patients with SAH
are listed in Table 1. Re-bleeding occurred in 42 (20.8%)
patients. In 39 of these 42 patients (92.9%), the increase in
volume of subarachnoid blood was confirmed by CT. The
three remaining patients were determined to have re-
bleeding after admission because of a sudden, definite
deterioration of the level of consciousness. The re-bleeding
occurred within 24 hours in 39 out of the 42 patients
(92.9%) with re-bleeding. There was no statistically signif-
icant difference in the blood pressure on arrival or in the
distribution by Fisher's CT Classification (Tables 2 and 3)
between the patients with or without re-bleeding.

As shown in Table 4, no patient among the 83 patients
with GCS score of 8-15 before arrival experienced re-bleed-
ing. However, 42 of 119 patients (35.3%) with a GCS score
of 3-7 before arrival had a statistically significant higher rate
(X2 = 35.33, p <0.001) of re-bleeding. Of the 48 patients
whose level of consciousness improved from the range of
GCS scores of 3—7 before arrival to GCS scores of 8—15 on
arrival, 23 (47.9%) had re-bleeding and their re-bleeding rate
also was significantly higher (x2 = 44.394678, p <0.001).
Similarly, 14 (51.8%) of the 27 patients whose level of con-
sciousness improved from a GCS score of 3—7 before arrival
to a GCS score of 13-15 on arrival had a statistically signif-
icant higher rate of re-bleeding (x2 = 42.287352,/ <0.001).

The number of patients with or without re-bleeding dis-
tributed by their GCS scores before arrival and on arrival;
the mean ±standard deviation (SD) of the blood glucose
level (mg/dL) and the serum potassium level (mEq/L) on
arrival are listed in Table 5. For the 105 patients with GCS
score of 13—15 on arrival, there was a tendency toward lower
serum potassium levels and higher blood glucose levels in
these patients who experienced re-bleeding compared with
those who did not re-bleed. The blood glucose level of the
14 patients with re-bleeding, whose GCS score was 3-7,
before arrival, and who recovered to 13-15 by arrival was
significantly higher than was that of the patients who did
not experience re-bleeding and whose GCS score was 8—15
both before and on arrival (p <0.001). The mean value for
serum potassium levels of the former was significantly lower
than was that of the latter group (p <0.005). Similarly, the
mean values for the blood glucose level of the 14 patients
with re-bleeding was statistically significantly higher than
was that of the 13 patients who did not have re-bleeding
and whose GCS score was 3-7 before arrival and 13-15 on
arrival (p <0.05).

A second blood sample was taken in 48 patients within
24 hours after admission, before surgery, or upon recogni-
tion of re-bleeding. The mean values for the interval times
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192 Changes in Consciousness Level

Mean age (years)

Men:Women

Mean blood glucose level (mg/dL)

Mean serum potassium level (mEq/L)

Mean systolic blood pressure (mmHg)

Re-bleeding (n = 42)

After admission

<6 hours

6-24 hours

25-48 hours

49 hours-7 days

58.0+13.0

76:126

189 ±63.4

3.51 ±0.52

167.8 ±37.0

91.4 ±20.1

25

14

1

2

Kitsuta © 2006 Prehospital and Disaster Medicine

Table 1—Baseline characteristics -of 202 patients with
acute, spontaneous subarachnoid hemorrhage
(mean = average of values; ±standard deviation)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

Re-bleeding

Present ( n = 42)

170.4 ±41.1

91.9 +23.6

Absent (n = 160)

167.3+36.0

91.9+18.7

Kitsuta © 2006 Prehospital and Disaster Medicine

Table 2—Relationship between the averages of blood
pressure on arrival and re-bleeding (values are the mean
±standard deviation)

between the two blood tests was 650 minutes in the 11
patients with re-bleeding, and 740 minutes in the 37 patients
without re-bleeding. The mean ±SD blood glucose levels and
serum potassium are listed in Table 6. The blood glucose level
of the patients with re-bleeding was significantly higher, not
only on arrival, but also after admission (j> <0.005).

Discussion
It is important to prevent re-bleeding in patients with ruptured
intracranial aneurysms.19>20 In this study, patients whose level of
consciousness had once been low, as indicated by a GCS score
3—7 were at a high risk for re-bleeding, despite their positive
level of consciousness on arrival. In addition, blood glucose lev-
els were higher and serum potassium levels were lower in the
patients at a high risk of re-bleeding.

Fisher's group

1

2

3

4

Re-bleeding

Present

0

1

15

26

Absent

3

31

54

72

Kitsuta © 2006 Prehospital and Disaster Medicine

Table 3—Distribution of 202 patients with subarachnoid
hemorrhage according to Fisher's Computerized
Tomography Cassification and re-bleeding

Many authors have reported on the risk factors for re-
bleeding from ruptured intracranial aneurysms.1"4'21"26

Concerning the time interval from the onset, Kassel et al
and Jane et al reported that the higher rates of re-bleeding
occurred within the first 24 hours of the initial hemor-
rhage.21'22 On the other hand, Resenorn et al demonstrat-
ed that the maximum rate for re-bleeding was observed
from Day 4 to Day 9.23 Aoyagi et al noted that the re-
bleeding rate was highest in those patients who underwent
angiography within three hours after the onset of their
symptoms.24 Amagasa et al reported that patients seldom
had re-bleeding when the first angiography was performed
six or more hours after the onset.25 In the current series,
the rate of re-bleeding was highest within the first 24 hours
after the onset of the symptoms. Although angiography
was avoided within six hours of the onset of the symptoms,
nine patients had re-bleeding during or just after the per-
formance of angiography.

Concerning levels of consciousness, Ito et al and
Rjasenorn et al pointed out that the re-bleeding rate of the
patients with a poor clinical grade was high.23'26 In the
current series, the re-bleeding rate of the patients with a
low level of consciousness also was higher compared with
those with a higher level of consciousness. However, the
level of consciousness of the patients with SAH may
change with time after onset. Therefore, the changes in the
level of consciousness between, before, and on arrival to the
hospital were examined. In addition, the rate of re-bleed-
ing of the patients with GCS scores 3-7 before arrival to
the hospital was higher than for those patients with GCS
scores 8-15 on arrival at the hospital. There is a high risk
for re-bleeding for those patient groups that are considered
to be a low risk for re-bleeding if their level of conscious-
ness is assessed using the GCS scores on arrival. Therefore,
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Glasgow Coma Scale Score

Before arrival

3-7

3-7

3-7

8-12

8-12

8-12

13-15

13-15

13-15

On arrival

3-7

8-12

13-15

3-7

8-12

13-15

3-7

8-12

13-15

Re-bleed

Present

19a

9b

14b

0

0

0

0

0

0

Absent

52

12

13

0

5

3

0

0

75

Kitsuta © 2006 Prehospital and Disaster Medicine

Table 4—Relationship between re-bleeding and the
changes in the level of consciousness
*X2= 44.394678, /><0.001
b x2 = 44.394678,/> <0.001, x2=42.287352,/> <0.001

a detailed anamnesis and information about the level of
consciousness before arrival are important to predict and
prevent re-bleeding from a SAH, especially if the level of
consciousness was recovered and remained good on arrival.

Various degrees of hyperglycemia and hypokalaemia com-
monly are observed in patients with an acute SAH. Le Roux
et al noted that the blood glucose concentrations on admis-
sion to the hospital were higher in patients with a poor clin-
ical grade.6 Berek et al and Longstreth et al reported that the
initial blood glucose concentrations seemed to be an accurate
predictor of the outcome. • Lanzino et al reported that the
blood glucose concentrations on admission could be used as a
simple and objective prognostic predictor after SAH.8

Alberti et al demonstrated that the degree of hyperglycemia
correlated with the clinical severity and radiological extent of
the extravascular blood in patients with an acute SAH.9 As
for hypokalaemia, Lanzion etal reported that hypokalaemia of

varied degree often was observed in association with electro-
cardiographic changes after an actute SAH.16 Andreoli et al
also reported hypokalaemia, a rise in the level of circulating
catecholamines, and hypercortisolism in 36 (51%) of 70
patients with SAH.17 Hyperglycemia and hypokalaemia were
observed in patients with SAH in the current study.
Moreover, there was a tendency towards a higher blood glu-
cose and lower serum potassium concentration in patients
with re-bleeding. Furthermore, since the degree of hyper-
glycemia of the patients with re-bleeding was higher than
without re-bleeding, hyperglycemia on arrival and a low level
of consciousness before arrival to the hospital could indicate a
high risk for re-bleeding.

Hyperglycemia present in patients with ischemic and
hemorrhagic strokes is regarded as a "stress hyperglycemia".
Alberti et al indicated that a disturbance of hypothalamic
regulation is the cause of metabolic derangement that results
in hyperglycemia in patients with an acute SAH.8 Lanzino
et al reported that blood glucose concentration on admission
to the hospital was an indirect marker of sympathetic activa-
tion.9 James reported hypokalaemia, and elevated level of
catecholamines in patients with SAH.27 Lim et al explained
that hyperglycemia and hypokalaemia were due to activation
of the sympathetic nervous system and fi-receptor stimula-
tion.28 Satoh defined the value obtained by dividing the
blood glucose level by the serum potassium level as the stress
index, and reported that the stress index correlated well with
changes in the serum level of catecholamines in patients
with an acute SAH.29 In the present study, the stress index
of the patients with re-bleeding also was higher compared to
those without re-bleeding. Among the 48 patients who had
blood tests done both on arrival and after admission, the
blood glucose concentration of the patients with re-bleeding
was higher both on arrival and after admission than for those
that did not develop re-bleeding. Thus, the degree of activa-
tion of the sympathetic nervous system due to the first attack
may be stronger and last-longer in those patients with re-
bleeding than in those without re-bleeding.

As stated, it is important to prevent re-bleeding in
patients with ruptured intracranial aneurysms before treat-
ment. This is important not only after arrival, but also
before arrival. A SAH can be suspected through sudden
onset headache, various degrees of disturbance of con-
sciousness, nausea, vomiting, etc. Although the definite
diagnosis of SAH requires a CT, and the measurement of
blood glucose, commonly done by patients with diabetes
mellitus, now is safe and simple. Furthermore, by using
local surface anesthesia, the pinprick from the blood glu-
cose test can be less painful. Therefore, the blood glucose
test could be less stressful for patients with suspected SAH
if it would be done in prehospital stage. Thus, paramedics
might do more to predict and prevent re-bleeding during
the prehospital stage if they do a blood glucose test and
perform a detailed level of consciousness assessment when
a SAH is suspected.

Conclusion
There is a high rate for re-bleeding group within the group
of patients with a satisfactory level of consciousness on
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Glasgow Coma Scale Score

Before arrival

3-7

3-7

8-12

13-15

On arrival

13-15

13-15

13-15

13-15

Re-bleed

Present

14

0

0

0

Absent

0

13

3

75

Blood glucose
(mg/dL)

200 +44.9

167+35.53

171 +29.6

151 ±37.1b

Serum potassium
(mEq/L)

3.24 +0.38

3.29 ±0.34

3.78 ±1.04

3.65 ±0.48c

Kitsuta © 2006 Prehospitat and Disaster Medicine

Table 5—Re-bleeding, changes in. the level of consciousness, blood glucose level, and serum potassium level of 105
patients with Glasgow Coma Scale score of 13 through 15 on admission. Blood glucose level and serum potassium
level are shown as the mean ±standard deviation.
a <0.05
b <0.001
c <0.005 vs. present

Blood glucose
level (mg/dL)

Serum potassium
level (mEq/L)

Re-bleeding present (n = 11)

On arrival

228 ±59.9

3.22 ±0.50

After admission

236 ±66.7*

3.56 ±0.33

Changing rate

12.70%

5.60%

Re-bleeding absent (n = 37)

On arrival

171 +63.5

3.49 ±0.39

After admission

168 ±51.8

3.84 ±0.36

Changing rate

11.00%

3.00%

Kitsuta © 2006 Prehospital and Disaster Medicine

Table 6—Changes in the blood glucose level and serum potassium level of the 48 patients who had blood tests
done both on arrival and within 24 hours after admission (Data are the mean value ±standard deviation)
7> < 0.005

arrival at the hospital, usually considered to have a com- their risk for re-bleeding risk is high. A detailed assessment
paratively low re-bleeding rate. Emergency physicians, of consciousness, and the blood glucose concentration on
neurosurgeons, and paramedics should pay special atten- arrival provide important and useful information to predict
tion to the patients whose level of consciousness has been and prevent re-bleeding, which may be extended into the
defined as a GCS score 3-7 at the time of the first bleed as prehospital period.
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