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The prognostic significance of admission leukocytosis with 
respect to ischemic complications of subarachnoid hem- 
orrhage was retrospectively investigated in a series of pa- 
tients with recently ruptured intracranial aneurysms. The 
present study concerned 47 consecutive cases admitted 
within 72 hours following the last hemorrhage, in the 
years 1982-1984. There was no difference in the admis- 
sion WBC counts between patients who subsequently de- 
teriorated due to ischemic complications and those who 
did not. However, the cell count rose significantly at the 
time of the clinical manifestations of ischemia, possibly 
as a result of structural damage of brain tissue and/or 
increased sympathetic and adrenocortical activity. The 
possible contribution of leukocytes to the pathogenesis of 
ischemic damage following subarachnoid hemorrhage--  
perhaps through the release of leukotrienes--wiU require 
further investigation. 
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The prognostic significance ofleukocytosis in the clinical 
course of  aneurysmal subarachnoid hemorrhage (SAH) 
has received little attention so far. In fact, mild elevation 
o f  the white blood cell (WBC) count is a common finding 
following SAH. A recent study reported a good cor- 
relation between the admission WBC counts and the 
clinical outcome in a series of  patients admitted within 
48 hours of  SAH. In particular, leukocytosis exceeding 
20,000 predicted, rather precisely, a poor  outcome [ 12]. 

In this study, as well as in an earlier study performed 
by other  investigators [ 1 I], leukocytosis was observed 
to rise subsequently in patients deteriorating after their 
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admission. In neither study was the relationship between 
leukocytosis at the time of admission and subsequent 
ischemic complications (ICs) following aneurysmal SAH 
specifically investigated. 

Recent evidence has indicated that neutrophils may 
play a role in myocardial [5,7,8,15,16] as well as in 
cerebral [13] ischemic damage, possibly by releasing 
vasoactive substances such as leukotrienes [10]. Leu- 
kotrienes increase vessel permeability [2] and might be 
implicated in the pathogenesis o f  postischemic cerebral 
edema [22]. Therefore,  an investigation of  the relation- 
ship between leukocytosis and ICs of  aneurysmal SAH 
appears to be justified. This is the subject of  the present 
study. 

M a t e r i a l  a n d  M e t h o d s  

The present study concerns 47 consecutive patients with 
ruptured intracranial aneurysms admitted to the Divi- 
sion of Neurosurgery in the years 1982-1984.  For the 
purpose of  this study, we considered only patients ad- 
mitted within 72 hours following SAH. 

The clinical management of  these cases followed the 
guidelines expressed in earlier reports [3,14,20]. Briefly, 
patients were treated with bed rest, steroids, and mild 
sedation when necessary. Antifibrinolytics (low-dose 
AMCA + aprotinine) were used preoperatively in pa- 
tients who were not candidates for early surgery. An- 
tihypertensives were only used occasionally. Ischemic 
complications were diagnosed on clinical grounds and 
treated with blood volume expansion and hemodilution. 
Angiography was performed only for diagnostic pur- 
poses and was not repeated in any patient. 

For the purpose of  this study, the following data were 
reviewed (Table 1): sex, age, clinical grade at admission, 
blood pressure at admission, number of  SAHs, location 
of  the aneurysm, and WBC count at admission; and 
during the subsequent clinical course, angiography, tim- 
ing of  surgery (timing and results), occurrence of  ICs, 
and occurrence of  infectious complications. 

Patients who exhibited a progressive neurological de- 
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Table 1. Data Reviewed for the Present Study 

Sex, Age 
Clinical grade at admission 
Blood pressure at admission 
Number  of hemorrhages 
Location of aneurysm 
White blood cell counts 

Angiography 
Timing 
Results 

Surgical timing 
Ischemic complications 
Infective complications 

terioration were diagnosed as suffering from ICs after 
having ruled out other complications such as rebleeding, 
hydrocephalus, and electrolytic derangement. Seven- 
teen cases (36%) fulfilled these criteria and were con- 
sidered to have had ICs. These and the remaining 30 
cases (64%) who did not suffer from I t s  were consid- 
ered as separate groups for the purpose of the present 
study. 

A sequential profile of the WBC counts was traced 
in the group with ICs, and the cell count value observed 
at the beginning of  the clinical deterioration was eval- 
uated. In the other group, we considered for comparison 
the WBC count values noticed on day 5 following SAH. 
This represented the mean interval at which the initial 
manifestations of  ischemia were observed in the other 
patient group. 

Vasospasm was evaluated on angiograms according 
to the following scale: 0, absent or mild (minimal vessel 
changes); 2, moderate [localized spasm of  one or two 
major cerebral arteries]; 4, severe (diffuse spasm of two 
or more cerebral arteries). 

Diagnosis of  infective complications required clinical 

T a b l e  2. Sex, Age, and Timing of Surgery 

Cases with ICs Cases without ICs 

Sex 
Male 10 l.l 
Female 7 16 

Age (years) 47. l (-+ 10.1) 45.5 (-+ 12.3t 
Timing of surgery (days) 15.9 ( +- 13.6) 15. I ( -+ 8.4) 

Abbreviation: IC, ischemic complication. 

T a b l e  3. Clinical Grade at Admission a 

Cases with ICs Cases without ICs 

Clinical grade n % n % 

1 7 41.2 10 33.3 
II 6 35.3 12 40 
III 3 17.6 6 20 
IV 1 5.9 2 6.6 
Total 17 100 30 100 

~Hunt and Hess Scale. 
Abbreviation: 1C, ischemic complication. 

T a b l e  4. White Blood Cell Counts at Admission versus 
Clinical Grade 

Mean WBC counts 

Clinical grade Cases with 1Cs Cases without ICs 

I 9,427 ± 2,177 8,650 ± 1,090 

I1 9,500 ± 1,750 9,917 ± 2,353 
lII 9,500 ± 1,871 10,500 ± 2,550 
IV 13,000 10,750 ± 250 

Abbreviations: It ,  ischemic complication; WBC, white blood cell. 

T a b l e  5. Location of Aneurysms 

Cases with ICs Cases without ICs 

AcoA-ACA 6 (35%) 12 (40~)  
MCA 5 (29%) 6 (20%) 
ICA 4 (24%) 5 (17%) 
VB 2 (12%) 2 (7%) 

Multiples 0 5 (17%) 
Total 17 (100%) 30 (100%) 

Abbreviations: AcoA, anterior communicating artery; ACA, anterior cere- 
bral artery; MCA, middle cerebral artery; ICA, internal carotid artery; VB, 
vertebrobasilar system; IC, ischemic complication. 

T a b l e  6. Blood Pressure at Admt}sion and Number of 
Subarachnoid Hemorrhages 

Cases with ICs Cases without ICs 

Blood pressure 
Systolic 152 ± 21" 123 -+ 11" 
Diastolic 89 + 10 79 + 6 

Number  of SAHs 
Single 11 (65%) 23 (77%,) 
Multiple 6 (35%) 7 (23%) 

Total 17 (100%) 30 (100%) 

"p < 0.001. 
Abbreviations: IC, ischcmic complication; SAH, subarachnoid hemorrhage. 

T a b l e  7. Angiographic Vasospasm 

Cases with ICs Cases without 1Cs 

Interval from SAH to angiographic examination 
0-3 days 9 b (53%) 7 b 
4-13 days 8 (47%) 20 
>14 days 0 3 
Total 17 (100%) 30 
Angiographic findings 
Absent or mild 12 25 

vasospasm 
Moderate vasospasm 2 3 
Severe vasospasm 3 2 
Total vasospasm score ~ 16 b 14 b 

(23%) 
(67%) 
(10%) 
(100%) 

*See text for explanation. 
*p < 0.05. 
Abbreviations: IC, ischemic complication; SAH, subarachnoid hemorrhage. 
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Figure 4. White blood eel! (WBC) count and clinica/ grade 
of a u oman aged 56 years u'ho did not deteriorate clinicall~ 
because of ischemic complications. 

evidence as well as laboratory and bacteriological con- 
firmation. For the present study we did not consider 
pulmonary infections, as they were a relatively common 
sequelae of  prolonged bed rest in seriously ill patients, 
and were seldom observed in the first 2 weeks after 
SAH. 

R e s u l t s  

Sex, age, and timing of surgery were similar in patients 
with and without ICs (Table 2). Clinical grade at ad- 
mission was also similar in the two groups of  patients 
(Table 3). The WBC counts on admission were higher 
in patients graded worse (Table 4). 

Concerning the location of  the lesions, aneurysms of 
the internal carotid artery and middle cerebral artery 
were slightly overrepresented in the group of  patients 
who had ICs, but the difference was not significant (Ta- 
ble 5). 

Blood pressure levels were higher in the patients who 
suffered from ICs and who also had more episodes of  
SAH (Table 6). The majority of  these patients under- 
went angiographic examination within 3 days of the 
hemorrhage, when angiographic vasospasm is unlikely. 
Nevertheless, they had a significantly higher (p < 0.05) 
score of  angiographic vasospasm (Table 7). 

There  was no difference in the admission WBC count 
values between patients with and without ICs. However,  
a statistically significant rise in the cell count was ob- 
served at the beginning of the clinical deterioration (mean 
interval, 5 days after SAH) due to ischemia (Figure 1). 
Serial WBC counts appeared to be roughly correlated 
with the clinical course in patients suffering from ICs 
(Figures 2 and 3). An increase in the subsequent WBC 
count was not observed in patients who did not dete- 
riorate clinically due to ICs (Figure 4). 

There were 15 patients with infectious complications; 
8 (47%) were in the group with ICs and 7 (23%) were 
in the group without ICs (0.3 > p > 0.2). 

All but two patients suffered from urinary infections 
(there was a case of wound sepsis and a case of  chole- 
cystitis). The interval at which the initial manifestations 
of such a complication were observed was similar in the 
two groups of patients (12 -+ 4.5 days in the group with 
ICs vs. 11 + 5.8 days in the group without ICs. 

D i s c u s s i o n  

The pathogenesis of ICs, presumably due to cerebral 
vasospasm following aneurysmal SAH, is still far from 
clear. Recent advances in the study of  pharmacological 
properties of  arachidonic acid derivatives have provided 
some clues for a better understanding of  the patho- 
physiology of cerebral arterial constriction following SAH. 
It has been suggested that an imbalance in the prosta- 
cyclin/thromboxane A2 ratio [6,14,19,21], possibly trig- 
gered by a free radical reaction initiated by the presence 
of  blood in the subarachnoid spaces [17], might play a 
major causal role in cerebral vasospasm. However ,  other  
factors are also likely to be implicated in the complex 
pathophysiology of cerebral vasoconstriction and sub- 
sequent ischemia following SAH [22]. Leukotrienes are 
synthesized from arachidonic acid mainly through a 5- 
lipoxygenase enzyme which is contained in neutrophils. 
Neutrophils are capable of  synthesizing leukotrienes as 
well as taking up platelet-derived leukotrienes [9,10]. 

Previous studies have shown a good correlation be- 
tween the number of  leukocytes and the extent of  tissue 
damage following myocardial [5,7,8,15,16] and cerebral 
[ 13] ischemia. Accordingly, total WBC counts were ob- 
served to be a good prognostic indicator in acute stroke 
patients [ 13]. 
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In the present cases, admission WBC counts appeared 
to be mildly elevated. This is a relatively common finding 
early after the occurrence of SAH [12], which probably 
reflects a mild sympathetic overactivity following a SAH 
as a nonspecific stress reaction [1]. 

The WBC counts tended to be more elevated in pa- 
tients graded worse, a fact already observed by other 
investigators [ 11,12]. Unlike other factors such as blood 
pressure level, number of previous hemorrhages, and 
angiographic vasospasm, the admission WBC counts failed 
to show a prognostic value as to the development of ICs 
in the patients in this study. 

As already observed by other investigators [11], the 
total WBC counts rose subsequently in patients dete- 
riorating because of ICs. In the present study, the in- 
crease in the cell count was statistically significant. It 
must be stressed that steroids were administered to these 
patients following the initial biochemical and clinical 
evaluation as a part of the management protocol. Cor- 
ticosteroids might increase the neutrophil count by pre- 
venting their egress from the circulation [11]. 

However, this significant increase in the WBC counts 
paralleled the clinical deterioration and was not ob- 
served in those patients who did not suffer from ICs. 
Furthermore, surgical timing was similar in the two groups 
of patients, a fact that seems to exclude surgical trauma 
as being a major factor in the observed elevation of the 
cell count values. Infectious complications were in fact 
overrepresented in patients with ICs, an expected fact 
which might have influenced the cell count values. How- 
ever, the elevation in WBC count definitely preceded 
the clinical manifestations of the infectious complications. 

In this study, the time-course of changes in the cell 
count of patients suffering from ICs closely resembles 
that of the increase in body temperature observed by 
Rousseaux et al [17] in their cases with cerebral vaso- 
spasm and delayed neurological dysfunction following 
SAH. Therefore, it would appear that leukocytosis and 
fever occurring in patients with SAH and with symptoms 
of ischemia might share a common cause. Rousseaux et 
al contemplated a role for prostaglandins as a causal 
possibility, but prostaglandins do not seem to influence 
the WBC count. Other factors capable of causing both 
leukocytosis and fever should be considered, such as 
cerebral tissue wasting and/or sympathetic overactivity 
which would occur in SAH patients with ICs [11]. 

In conclusion, the present study shows that admission 
leukocytosis is not a prognostic indicator of the subse- 
quent occurrence of ICs in patients with ruptured in- 
tracranial aneurysms. The increase in the total WBC 
counts observed at the time of neurological deteriora- 
tion might indicate initial structural damage of the brain 
tissue and/or an increased sympathetic and adrenocor- 
tical activity [11], which might contribute to the pro- 

duction of cerebral vasospasm after SAH "per se" 
[1,11,23]. Whatever the case may be, the present data 
do not prove (but do not exclude) that neutrophils may 
have a direct causal role in the pathogenesis of ICs of 
SAH, perhaps mediated through leukotrienes C4 and 
D4, which are known to increase vascular permeability 
[2]. Further studies are required, and should include 
serial determinations of leukotriene concentrations in 
the serum and/or cerebrospinal fluid of patients with 
SAH. 

This paper has been presented in part at the XXXVII annual meeting 
of the Scandinavian Neurosurgical Society, Aalborg, Denmark, June 
1985. 
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