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Abstract

Acute lung injury (ALI) associated with systemic inflammatory response syndrome (SIRS) is a systemic
complication following subarachnoid hemorrhage (SAH), but the incidence and influence on prognosis
are unclear. The incidences of SIRS and ALI were surveyed in a prospective multicenter study of 96
patients admitted for SAH between December 2004 and June 2007. Hunt and Hess grade and Glasgow
Outcome Scale score were also investigated. Forty-eight patients were diagnosed with SIRS, and 26 de-
veloped ALI within 4 weeks of admission. Nineteen of the 26 patients with ALI were complicated by
SIRS, and 7 developed only ALI. Thirteen of the 19 patients complicated by SIRS and ALI died, and this
mortality was higher than for patients with only SIRS (3/29) and only ALI (1/7). Multivariate analysis of
the development of SIRS and/or ALI and Hunt and Hess grade as risk factors associated with aggrava-
tion of the outcome showed that complication with SIRS and ALI had the highest risk. Half of the
patients admitted for SAH developed SIRS, and more than 25% developed ALI. The prognosis for
patients complicated by SIRS and ALI was poor, which indicates that prevention and active treatment
of these two pathologies are important.
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Introduction

The annual incidence of subarachnoid hemorrhage
(SAH) is about 20 in 100,000 persons in Japan.7,10)

The mortality of SAH has exceeded 20% in recent
reports, indicating that the prognosis for patients
with SAH remains poor.4,6,7) Initial hemorrhage and
vasospasm are the major causes of the poor progno-
sis, but systemic or postoperative complications
may also be responsible in more than 10% of
cases.5,16) Systemic complications include a high
frequency of respiratory dysfunction, which results

in death in about 10% of patients who die after
SAH.16) As many as 54% of patients with SAH de-
velop systemic inflammatory response syndrome
(SIRS), and the frequency of systemic complication
is higher in these patients than in patients without
SIRS, with respiratory dysfunction noted in many
patients.20)

SIRS was originally proposed as part of the defini-
tion of sepsis.1) SIRS involves the accumulation of
immunocytes such as macrophages and neutrophils
in major organs, release of cytotoxic substances
such as proinflammatory cytokines, reactive oxygen
species, and neutrophil elastase, and enhancement
of vascular permeability. Acute pulmonary edema
caused by enhanced vascular permeability impairs
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Table 1 Patient characteristics on admission and dur-
ing hospitalization

n ＝ 96

Age (mean ± SD), yrs 61.1 ± 14.0
Sex (male/female) 35/61
Hunt and Hess grade

1–3 77
4 and 5 19

JCS score
0 19
I 39
II 23
III 15

Vasospasm 33
Surgery

clipping 68
coiling 9
others 2

Mechanical ventilation 44
Admitted to ICU 88

ICU: intensive care unit, JCS: Japan Coma Scale, SD: stan-
dard deviation.
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respiratory function, resulting in the condition
called acute lung injury (ALI) under the following
conditions: acute hypoxemia (ratio of partial pres-
sure of oxygen [PaO2] to fraction of inspired oxygen
[FiO2] Ã300), bilateral infiltrates visible on chest
radiography, and no clinical evidence of left atrial
hypertension.2) However, the association of SIRS
and ALI in the neurosurgical field remains unclear.
Previous studies have investigated the incidence of
SIRS,20) and the incidence of ALI, risk factors, and
outcomes in patients with SAH but not the associa-
tion with SIRS.8)

The present multicenter study investigated the in-
cidences of SIRS and ALI and the outcomes in
patients with SAH.

Materials and Methods

This study included 96 patients with SAH admitted
to the neurosurgical departments of six hospitals in
Kanagawa Prefecture, Japan, between December
2004 and June 2007, and given the optimum treat-
ment available at that time. Informed consent was
obtained from the patients or their families before
enrollment in the study. This study was approved by
the ethics review board at every hospital in accor-
dance with the Helsinki declaration. Age, sex, Hunt
and Hess grade, Japan Coma Scale (JCS) score (an in-
dex of consciousness disturbance that is widely used
in Japan; 0: no consciousness disorder, I: alert to
drowsiness, II: drowsiness to stupor, III: semicoma
to deep coma), vasospasm, surgical procedure, ad-
mission to the intensive care unit (ICU), and period
of mechanical ventilation were recorded as back-
ground factors. Diagnosis of vasospasm was based
on symptoms and radiological findings at each facil-
ity. SIRS categories (body temperature, heart rate,
respiratory rate, and white blood cell count), lung
function, and degree of organ dysfunction were in-
vestigated on admission, daily from days 1 to 7, and
weekly in weeks 2, 3, and 4. Diagnosis of SIRS re-
quires that two or more of the following conditions
are met: body temperature º36 or À389C; heart rate
À90 beats/min; respiratory rate À20 breaths/min;
and white blood cell count À12000 or º4000
cells/mm3. Saturation of peripheral oxygen, PaO2,
and FiO2 were recorded to determine oxygenation
ability, and the lung injury score was calculated
from the PaO2/FiO2 ratio, positive end-expiratory
pressure, and chest radiography findings.14) ALI was
classified into ALI (PaO2/FiO2 ratio Ã300) and acute
respiratory distress syndrome (PaO2/FiO2 ratio
Ã200) following the criteria established by the
North American-European Consensus Conference
(AECC).2) In addition, the occurrence of vasospasm,

durations of mechanical ventilation and ICU stay,
and outcome based on the Glasgow Outcome Scale
(GOS) between admission and day 28 were investi-
gated.

The incidences of ALI and vasospasm were divid-
ed into groups of patients with and without SIRS on
the first hospital day and evaluated by x2 test. Out-
come was divided into groups of patients with and
without SIRS and ALI, and the mortality was also
evaluated by x2 test. Risk factors associated with out-
come (GOS) were subjected to multivariate analysis
by logistic regression. A level of less than 5% was re-
garded as significant in all statistical tests.

Results

The background of the patients is shown in Table 1.
The mean age was 61.1 years and the sex ratio was
35 males:61 females. The Hunt and Hess grade was
1–3 in 77 of the 96 patients. Vasospasm occurred in
33 patients, and surgery was performed in 79
patients.

Twenty-nine, 39, and 48 of the patients were diag-
nosed with SIRS, on the first hospital day, within 3
days, and within 4 weeks, respectively. Comparison
of the incidence of SIRS at 4 weeks after admission
with severity of condition determined using the
Hunt and Hess grade or the JCS score showed a ten-
dency for the incidence to increase with higher
grade or score in both classifications (Fig. 1).

Twenty-six patients developed ALI during the
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Fig. 1 Severity of condition and incidence of systemic
inflammatory response syndrome (SIRS). The incidence
of SIRS in 48 patients diagnosed with SIRS within 4
weeks after admission is shown according to severity of
Hunt and Hess grade and Japan Coma Scale (JCS) score.

Fig. 2 Incidences of acute lung injury (ALI) and
vasospasm in 29 patients with or 67 patients without
systemic inflammatory response syndrome (SIRS) on
the first hospital day. ALI developed in 13 patients with
SIRS and 13 without SIRS (*p ＝ 0.010), and vasospasm
occurred in 15 patients with SIRS and 18 without SIRS
(**p ＝ 0.019).

Table 2 Duration of mechanical ventilation and inten-
sive care unit (ICU) stay

Duration of
mechanical
ventilation

(days)

ICU stay
(days)

All patients 6.9±6.9 (44) 11.0±10.8 (88)
SIRS(＋)/ALI(＋) 8.7±7.2 (16) 16.7±20.1 (16)
SIRS(－)/ALI(＋) 7.0 (2) 12.1±5.5 (7)
SIRS(＋)/ALI(－) 7.6±7.6 (15) 10.8±8.4 (26)
SIRS(－)/ALI(－) 3.3±4.7 (11) 8.6±6.2 (39)

Values are means ± standard deviations, and those in
parentheses represent the numbers of patients. ALI:
acute lung injury, SIRS: systemic inflammatory response
syndrome.

Fig. 3 Incidences of systemic inflammatory response
syndrome (SIRS) and/or acute lung injury (ALI) and
Glasgow Outcome Scale (GOS) score during the 4 weeks
of the observation period. Death (GOS score 1) account-
ed for 13 of 19 patients with SIRS and ALI, 1 of 7
patients with only ALI (p ＝ 0.026 vs. SIRS and ALI
group), 3 of 29 patients with only SIRS (p º 0.001 vs.
SIRS and ALI group), and 3 of 41 patients with neither
disease (p º 0.001 vs. SIRS and ALI group).
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4-week observation period. Nineteen of the 26
patients developed both ALI and SIRS in the same
period, significantly higher than in the 7 of 26
patients with only ALI (p ＝ 0.001). The incidence of
ALI was compared between patients with and
without SIRS on the first hospital day (Fig. 2 left).
ALI developed in 13 of the 29 patients with SIRS,
and in 13 of the 67 patients without SIRS on the first
hospital day, indicating a significantly higher inci-
dence of ALI in SIRS patients (p ＝ 0.010).
Vasospasm developed in 15 and 18 patients with and
without SIRS on the first hospital day, respectively
(p ＝ 0.019) (Fig. 2 right).3,11,12)

Twenty patients died in the ICU. The mean dura-
tions of ICU stay and mechanical ventilation sup-
port were 11.0 ± 10.8 and 6.9 ± 6.9 days, respec-
tively (Table 2). The distribution of patients was
biased, but both periods tended to be longer in
patients with SIRS, ALI, or both, compared to
patients without SIRS and ALI. The numbers of

patients with and without SIRS and ALI in each
GOS score are shown in Fig. 3. Mortality was 68.4%
(13/19) in patients complicated by SIRS and ALI,
14.3% (1/7) in patients complicated by only ALI,
10.3% (3/29) in patients complicated by only SIRS,
and 7.3% (3/41) in patients without complication,
showing that the mortality was significantly higher
in patients complicated by SIRS and ALI (p ＝ 0.026,
p º 0.001, and p º 0.001 vs. the SIRS and ALI
group, respectively). Development of SIRS and ALI,
and the Hunt and Hess grade were subjected to mul-
tivariate analysis as potential factors associated with
aggravation of the outcome, and the odds ratio was
highest for patients complicated by SIRS and ALI
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Table 3 Multivariate analysis for factors associated
with aggravation of outcome

Variable Criteria Odds ratio 95% Confidence
interval

SIRS(＋)/ALI(－) SIRS(－)/ALI(－) 5.412 0.871–33.641
SIRS(－)/ALI(＋) SIRS(－)/ALI(－) 12.499 1.103–141.654
SIRS(＋)/ALI(＋) SIRS(－)/ALI(－) 114.339 12.001–1089.368
Hunt and Hess

grade
one-unit

increase 4.360 2.176–8.735
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(Table 3).

Discussion

SIRS developed in 48 of the 96 patients with SAH
during the 4-week observation period and onset was
within 3 days after admission in 39 of these patients.
Previous studies have found an incidence of SIRS
following SAH of 54% based on early diagnosis after
admission,20) and 29% during the stay in a neurosur-
gical ICU.3) The present study found a similar inci-
dence to the former Japanese study, but the reason
for the difference with the latter U.S. study is un-
clear, although the annual incidence of SAH in the
Japanese population is about 3 times higher than
that worldwide (20 vs. 6–7 per 100,000 persons),19)

suggesting a regional specificity in the incidence of
SIRS in Japan. The present findings of association of
the incidence of SIRS with higher Hunt and Hess
grade and higher JCS score suggest that SIRS in-
creased with worsening of the severity of the condi-
tion of the patients. Similar findings based on the
Hunt and Hess grade showed that the incidence of
SIRS increased with aggravation of the condition of
the central nervous system.3) On the other hand, ag-
gravation of extracerebral organ system functions
(respiratory, hepatic, cardiovascular, and hemato-
logic) were also correlated with the severity of neu-
rological impairment (Hunt and Hess grade). Fur-
thermore, SIRS is an index of the systemic condi-
tion,15) so increased incidence of SIRS may reflect
aggravation of systemic conditions, in addition to
the effects of the condition of the central nervous
system.

ALI occurred in 26 of our 96 patients in the course
of 4 weeks after admission. Respiratory dysfunction
following SAH has been widely reported,11,12,17) but
ALI is less well reported. The incidence of ALI fol-
lowing SAH was 27%,8) without examining the as-
sociation between SIRS and ALI. In the present
study, the incidence of ALI was significantly higher
in patients with SIRS than in those without SIRS.
SIRS involves accumulation of activated neutrophils
in the lung and release of cytotoxic substances such

as reactive oxygen species and neutrophil elastase,
which may damage the pulmonary alveoli and sur-
rounding capillary blood vessels, increase vascular
permeability, and induce ALI, of which the main
pathological cause is pulmonary edema.9,13) The inci-
dence of ALI in patients with SIRS on the first
hospital day was significantly higher than in
patients without SIRS, suggesting that SIRS is a risk
factor for ALI following SAH.

Left ventricular dysfunction and neurogenic pul-
monary edema (NPE) are also known causes of
respiratory dysfunction following SAH.11,17) The
character of NPE is still controversial, but elevation
of pulmonary capillary blood pressure may be one
cause.11) Since the diagnostic criteria for ALI estab-
lished by the AECC include pulmonary arterial
wedge pressure Ã18 mmHg,2) diagnosis of ALI is
difficult if NPE and left ventricular dysfunction oc-
cur after SAH. However, an association between
SIRS and left ventricular dysfunction has also been
reported,18) suggesting that SIRS should be recog-
nized as a risk factor common to respiratory dys-
function following SAH.

The outcomes in this study show that prevention
and treatment of SIRS and ALI are very important.
The GOS score was 1 (death) in 68.4% of patients
complicated with SIRS and ALI, and multivariate
analysis indicated a particularly strong association
of worse outcome with complication by both SIRS
and ALI. These findings indicate the importance of
inhibition of development of SIRS and ALI and ac-
tive treatment from the early stage of development.

In conclusion, SIRS occurred in one half of
patients admitted for SAH, and ALI occurred in
more than 25% of the patients. The prognosis for
patients with concomitant SIRS and ALI was poor,
suggesting the importance of prevention and active
treatment of both pathologies. If the cause of SIRS is
bacterial infection, appropriate antibiotics should be
used. No method other than artificial ventilation has
been established for the treatment of ALI. Adminis-
tration of glucocorticoid under adequate infection
control and administration of neutrophil elastase in-
hibitor in earlier stages of ALI are expected to in-
hibit further progression.
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