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Abstract. - OBJECTIVE: The current man-
agement of subarachnoid hemorrhage (SAH) in
the urban Chinese population remains unclear
and the relevant literature is still lacking. There-
fore, this work aimed to investigate the recent
clinical practice in the management of sponta-
neous SAH in an urban population-based set-
ting.

PATIENTS AND METHODS: From 2009 to
2011, the China Epidemiology Research In Sub-
arachnoid Hemorrhage (CHERISH) project,
which was a two-year prospective, multi-cen-
ter, population-based, case-control study, was
performed in the northern urban Chinese pop-
ulation. SAH cases were described in terms of
their features, clinical management, and in-hos-
pital outcomes.

RESULTS: Totally of 226 cases were enrolled
with a final diagnosis of primary spontaneous
SAH (65% of females; mean age, 58.5%13.2
years; range, 20-87 years). Among them, 92%
of these patients received nimodipine, while
93% took mannitol. Meanwhile, 40% of them
received traditional Chinese medicine (TCM),
while 43% took neuroprotective agents. Endo-
vascular coiling was applied in 26% of 98 angi-
ography-confirmed intracranial aneurysms (lA)
cases, while neurosurgical clipping was in 5%
of them.

CONCLUSIONS: Our findings on the manage-
ment of SAH in the northern metropolitan Chi-
nese population reveal that nimodipine is an ef-
fective medical therapy with a high rate of use.
There is also a high utilization rate of alterna-
tive medical interventions. Endovascular coiling
occlusion is more common than neurosurgical
clipping. Therefore, regionally traditional thera-
py may be a key factor for the difference in the
treatment of SAH between northern and south-
ern China.
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Introduction

Subarachnoid hemorrhage (SAH) is a rare, but
the most devastating type of stroke'. It is caused
by the rupture of an intracranial aneurysm (IA).
Notably, aneurysmal SAH is the deadliest type of
SAH, with a 1-month case fatality rate of 35% in
developed countries®. Furthermore, one-third of
survivors require lifelong care, and another third
has a cognitive impairment that impairs their
function and quality of life?. [A-related SAH can
cause a sudden increase in intracranial pressure
and sympathetic outflow, resulting in abrupt mor-
tality, unconsciousness, and cardiac problems.
Due to the improved diagnostic and therapeutic
procedures for SAH*4, organized care’, and en-
dovascular coiling of ruptured IAS, the global
incidence of SAH has decreased by approxi-
mately 0.6% per year since 1998’. Nevertheless,
due to geographical and medical differences, the
incidence tends to be higher in northern China
(approximately 6.2 per 100,000 people per year)
than that in central and southern China®. Mean-
while, SAH remains a highly fatal condition with
a 30-day mortality rate of up to 35%”'°.

As a neurologic emergency, SAH requires
prompt diagnosis and management to prevent
life-threatening rebleeding as well as to opti-
mize patient outcomes. However, there are few
published studies concerning SAH management
in China, particularly on the treatment patterns
that reflect local customs and practices rather
than guidelines. At the same time, there is a
scarcity of population-based data on the clinical
management of SAH in this region. Further un-
derstanding of the management of SAH in Chi-
na can contribute to improving the diagnostic
and therapeutic procedures of SAH. Therefore,
this population-based study aimed to investigate
the current patterns of in-hospital therapy of
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SAH, which encompassed medicinal, surgical,
and endovascular treatments in a northern urban
Chinese population.

Patients and Methods

Participants and Setting

The China Epidemiology Research In Sub-
arachnoid Hemorrhage (CHERISH) project was
a prospective, population-based, multicenter,
case-control study conducted in the complete
urban area defined by the 4 districts of Kundu-
lun, Qingshan, Jiuyuan, and Donghe of Baotou,
the largest city in Inner Mongolia, China during
2009-2011. According to the 2010 National Cen-
sus'!, Baotou had a relatively consistent and mod-
erate-size non-immigrant population estimated
at 1.82 million (>15 years of age). The Chinese
hospitals were classified as Level 1 community
hospitals with only the most basic facilities and
very limited inpatient capacity, Level 2 hospitals
with at least 100 inpatient beds providing acute
medical care and preventative care services to at
least 100,000 people, and Level 3 major tertiary
referral centers in provincial capitals and major
cities. Meanwhile, there was a network of all
the major acute care hospitals with neurology/
neurosurgery capabilities and CT scanners (in-
cluding nine Level 3 and two Level 2 hospitals),
one army hospital, minor hospitals (including
three Level 1 hospital with CT scanners), and
the city’s solitary crematorium. Structured face-
to-face interviews were undertaken on cases as
soon as possible after notification in order to col-
lect data on social demographics, lifestyle, and
medical history. At the same time, information
concerning clinical features, care, and in-hos-
pital outcomes was obtained from neurologists.

Inclusion and Exclusion Criteria

All adult (>15-years) cases of spontaneous
SAH due to presumed rupture of IA are includ-
ed among residents of the study area for 2 years
from 8§ May 2009. SAH is defined according to
standard criteria'?> as an abrupt onset of severe
headache and/or loss of consciousness (with/
without focal neurological signs), with evidence
of focal or generalized blood in the subarach-
noid space confirmed by computed tomography
(CT), necropsy, or lumbar puncture. Patients
with SAH secondary to arteriovenous malfor-
mations, trauma, or neoplasm were excluded.
Digital pictures of CT and angiographic findings
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on each case are transmitted by e-mail to the
central coordinating center for confirmation of
the diagnosis.

Statistical Analysis

Categorical data were expressed as propor-
tions, while continuous variables were repre-
sented by means with standard deviation (SD)
or median with interquartile range by data dis-
tribution. Patient sociodemographic characteris-
tics, clinical features, and history of concomitant
cardiovascular risk factors were all included in
the baseline information. In addition, diagnostic
and management approach employed in hospitals,
including neuroimaging, intravenous/oral medi-
cations, supportive care, and neurosurgery clip-
ping or endovascular coiling, were also summa-
rized. The specific in-hospital outcomes includ-
ing complications [like pneumonia, urinary tract
infection, pulmonary embolus, coronary event,
seizure, symptomatic hydrocephalus, symptom-
atic cerebral vasospasm (CVS), falls with injury,
other sepsis, or any other clinically significant
event that extended the length of hospital stay],
modified Rankin Scale (mRS) score, death, and
discharge destination were also presented.

The study protocol was approved by the Eth-
ics Committees of the University of Sydney and
Baotou Central Hospital. Besides, informed con-
sent was obtained from the subjects or an appro-
priate proxy.

Results

In total, there were 688 SAH cases registered
over the study period, as shown in Figure 1.
Among them, 160 were excluded either because
they were not residents of the study area or were
not diagnosed with SAH. Typically, SAH was di-
agnosed in 528 patients including 6 who suffered
from an arteriovenous malformation (AVM), 282
from secondary head trauma, and 11 from other
causes. Moreover, three individuals had recur-
rence episodes over the study period and with-
drew from the research.

Thus, a total of 226 cases were registered with
a final diagnosis of primary spontaneous SAH
(65% of females; mean age, 58.5+13.2 years;
range, 20-87 years). The characteristics of these
226 SAH patients are shown in Table 1. Ac-
cording to our analysis, SAH patients tended to
be middle-aged and had a history of hyperten-
sion before admission, around two-thirds of them
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Figure 1. Flow chart of the research
population screening.

688 possible cases of
SAH registered from
2009 to 2011 were
collected

226 patients were
diagnosed with primary,
spontancous

Exclude:
78 patients were not residents of the

study area
82 patients were not dianosed with
SAH
528 patients were
diagnosed
SAH Exclude:

6 patients suffered from an arteriovenous
malformation( AVM)

282 patients had secondary head trauma
primary spontaneous SAH

11 patients resulted from other causes

3 patients had recurrrence episodes over the
research period

146 female
patients

80 male
patients

were presented within 6 hours after symptom
onset, and there were most patients with Hunt and
Hess scale > 3.

Table II presents the management and in-hos-
pital outcomes of SAH patients. During the
length of hospital stay, 45 patients died (20%).
Approximately 1/5 of survivors were reported as
being disabled/dependent at the time of hospital
discharge. However, the modified Rankin Scale
scores of these disabled/dependent survivors at
discharge were 0-2 on the scale. Besides, intrave-
nous and/or oral nimodipine, intravenous tradi-
tional Chinese medicine (TCM), various neuro-
protectant agents (such as intravenous edaravone,
ganglioside GMI, cattle encephalon glycoside,
and cinepazide, citicoline), haemodilution agents
(like mannitol), and intravenous tranexamic acid
were all heavily used among the various man-
agement options. Nimodipine was administered
in 92% of the 266 patients, while mannitol was
given to 93% of them. Meanwhile, intravenous
tranexamic acid was used in 73% of the patients,

while TCM and neuroprotective agents were used
in 40% and 43% of them, respectively. Endovas-
cular coiling was used in 26% of the 98 patients
with angiography-confirmed IA, whereas neuro-
surgical clipping was conducted in 5% of these
cases. Due to financial constraints, 33 patients
(34%) with 1A did not receive either endovascu-
lar coiling or neurosurgical clipping. The great
majority of patients were managed in the hospital
during the acute phase, where SAH was con-
firmed by CT or MRI in all patients.

Discussion

Patients need to be evaluated in a high-volume
center as soon as SAH is identified. The emer-
gency physician and neurologist should consider
the initial management issues including airway,
blood pressure control, administration of analge-
sics, cardiac monitoring, vasospasm treatment,
anticoagulation reversal, and seizure treatment in
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Table I. Baseline characteristics of SAH patients.

Total (N = 226)

Sociodemographic
Age, mean (SD), years
Female
Living alone
High education (> university)
Insurance
Han ethnicity
Full-time paid work before the SAH
Main lifetime occupation type
Manual work"
None reported
Financial situation
Not enough money to get along
None reported
Medical history
History of hypertension
History of diabetes mellitus
History of hyperlipidemia
Prior stroke
Prior coronary artery disease*
Current smoker
Regular alcohol consumption®
Overweightl
Medication history (within one month of SAH onset)
Antihypertensive
Antiplatelet
Warfarin
Lipid-lowering
Clinical features
Time from symptom onset to hospital presentation
Median (IQR), hours
< 6 hours
Transported to hospital by ambulance
Poor GCS score on admission”
Hunt and Hess scale
Hunt and Hess scale > 3
Location at the time of SAH onset
Work
Home
Others

58.5+13.2
146 (65)

9 (4)

31 (14)

191 (88)
206 (93)
46 (21)

57 (26)
47 (21)

12 (5)
1(0)

110 (50)
22 (10)
23 (10)
29 (13)
20 (9)
67 31)
39 (18)
101 (46)

84 (40)
22 (10)
0 (0)
6(3)

1.5 (0.5, 9.5)
147 (71)

134 (60)

53 (24)
2(2,3)

72 32)

22 (10)
164 (73)
38(17)

Values are reported as mean + SD, median (IQR), or number (percentage based on non-missing values). Manual work includes
construction, farming/forestry/fishing and related, installation and related, manufacture and production, transportation, and driver
occupations. *Coronary artery disease includes prior heart attack or angina. $Within the 3 months before SAH onset.|Defined as
body mass index > 24 kg/m>. *GCS - Glasgow Coma Scale, poor score < 9 in range 3 (low) to 15 (high, normal).

the patients. Meanwhile, early complications (in-
cluding rebleeding, hydrocephalus, seizures, and
cardiopulmonary issues), vasospasm, and delayed
cerebral ischemia (DCI) need to be recognized
and treated promptly. [A patients require imme-
diate neurosurgical or neuro-interventional con-
sultation and can be treated with endovascular
coiling or open surgical clipping". The interven-
tion type depends on the patient’s complications,
aneurysm anatomy, and surgical expertise'.
According to the latest SAH recommendations,
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low-volume institutions should consider an early
transfer of aneurysmal SAH patients to high-vol-
ume centers with experienced cerebrovascular
surgeons, endovascular specialists, and compre-
hensive neurointensive care services'.
According to our results, the clinical man-
agement of SAH in the northern urban Chinese
population was characterized by a high use
rate of the proven nimodipine therapy for the
prevention of cerebral vascular spasms (CVS),
and alternative medical therapies, including in-



Current management of subarachnoid hemorrhage in a northern urban Chinese population

Table Il. Management and outcome of SAH patients in hospital.

Investigations/treatment/outcome at discharge

Total (N = 226)

Investigations
Computerized tomography
Magnetic resonance imaging
Selective cerebral angiography
CT angiography or/and MR angiography
Site of the SAH patient’s hospital management
Intensive care unit
Length of intensive care unit stay(days)
Neurology ward with a stroke unit
Medical treatment
Intravenous traditional Chinese medicine
Intravenous neuroprotectant
Intravenous haemodilution agents (eg mannitol)
Nimodipine
Intravenous
Oral
Intravenous tranexamic acid
Aneurysm intervention
endovascular coiling
Neurosurgery clipping
Other
Outcome at discharge
Death in hospital
Experienced > 1 in-hospital complication*
Length of hospital stay, median (IQR)
Modified Rankin Scale' at discharge
0-2
3-5
Discharge destination for survivors
Home
Alternate hospital
Other®

218 (97)
27 (12)
104 (46)
21 (9)

143 (65)
8 (5,11)
93 (44)

89 (40)
96 (43)

209 (93)
206 (92)
189 (85)
58 (27)

165 (73)

52 (26)
10 (5)
3D

45 (20)
89 (40)
24 (9, 34)

140 (82)
31 (18)

143 (84)
13 (8)
15 (9)

Values are reported as median (IQR) or number (percentage based on non-missing values). *Complications include pneumonia,
ischaemic stroke, urinary tract infection, other sepsis, pulmonary embolus, coronary event, seizure, fall with injury, symptomatic
cerebral vasospasm, symptomatic hydrocephalus, or any other clinically significant event that prolonged hospital stay. "Modified
Rankin Scale, in range 0 (low, normal) to 5 (high, severe). SIncludes family/friends’ homes, nursing homes/institutions, and others.

travenous hemodilution agents (mannitol), neu-
roprotectants, and TCM in the acute phase. In
addition, tranexamic acid (TXA) is often used in
the acute period. In the northern urban Chinese
population, the use rate of nimodipine (92%)
was higher than elsewhere in China (63%)". Ni-
modipine is the only approved medication after
aneurysmal SAH"'°. It is suggested in all me-
ta-analyses'’ that the preventive nimodipine is
effective on SAH in reducing the probability of
deficit and or death and decreasing the infarction
rate on CT. However, every coin has two sides.
Some studies” find that nimodipine treatment
has certain negative effects on SAH patients, in-
cluding hypotension, heparin-induced thrombo-
cytopenia type 2, heart attack, self-limiting ven-
tricular tachycardia, and dysrhythmias. Clinical
outcomes improve significantly after continuous

treatment and single nimodipine administration
but deteriorate significantly with continuous ni-
modipine application'®. Nimodipine administra-
tion is suggested? to be associated with intrace-
rebral hemorrhage, heart thythm abnormalities,
infectious complications, and catheter thrombo-
sis. Nevertheless, it is difficult to say whether
one kind of nimodipine administration is better
or safer than another. Although nimodipine can
alleviate vasospasm in some cases, it also has
systemic side effects that must be monitored to
ensure appropriate dose adjustment or termina-
tion. In our study, patients receiving nimodipine
treatment had a good prognosis with no serious
complications. However, data on the nimodip-
ine dosage, days of dosing, complications, and
detailed comparisons were not collected in this
study.
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Alternative medical interventions such as in-
travenous neuroprotectants, hemodilution agents,
and TCM were commonly used in our study. In
general, mannitol can decrease excessive intra-
cranial pressure (ICP) by reducing blood vis-
cosity and increasing intravascular capacity. But
hypertonic saline may be preferable to mannitol
in lowering ICP in SAH cases?. However, neither
hypertonic saline nor mannitol has been com-
pletely examined clinically. Mannitol or mannitol
combined with hypertonic saline was more fre-
quently used in this study, which achieved favor-
able patient outcomes. Nevertheless, this study
did not examine the benefits of mannitol alone
over mannitol combined with hypertonic saline.
Although TCM (herbal/complementary thera-
pies) has long been recognized with therapeutic
benefits for a variety of illnesses in China, it is
currently not included in the international guide-
lines for SAH management®. There has been
evidence® supporting that some herbs, includ-
ing Salvia miltiorrhiza, Liguisticum chuanxiong,
Ginkgo biloba, Pueraria lobata, cow bezoar, and
Gynostemma pentaphyllum, can effectively pre-
vent and treat CVS. A study®* has also reported
that the traditional Chinese herbal combination,
Qingnao Oral Liquid, may effectively relieve
SAH-induced headaches. Herbal complexes like
Angong Niuhuang Pills*, Boyanghwano-tang*,
and Qingdao Oral Liquid** may effectively treat
CVS or headaches post-SAH. In this study, Sal-
via miltiorrhiza, Xingnaojing Injection, Liguisti-
cum chuanxiong, Ginkgo biloba, Pueraria loba-
ta, and cow bezoar were utilized. Thus, herbal
treatments may be novel possibilities for the pre-
vention and treatment of CVS post-SAH, which
may influence patient prognosis. A considerable
number of clinical randomized controlled trials
(RCTs) are still required to evaluate the efficacy
of TCM in the treatment and prognosis of SAH.

TXA is not a standard of care. Instead, it is a
strategy based on the case and local availability.
In this study, TXA was used in the acute phase of
aneurysmal SAH but not after aneurysm surgery,
and for 3-7 days in patients without an aneurysm.
TXA is demonstrated to lower the incidence of
rebleeding after SAH, but it remains controver-
sial concerning whether it can reduce mortality
and improve clinical outcomes. As shown in a
trial*, TXA does not improve clinical outcomes,
as evaluated by the modified Rankin score (mRS)
at 6 months. In addition, it is recognized by the
Neurocritical Care Society that, TXA and amino-
caproic acid can decrease aneurysmal re-rupture,
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while the prolonged treatment can increase the
risks of deep vein thrombosis, pulmonary embo-
lism, and ischemic stroke*. According to a com-
prehensive review and meta-analysis®® of RCTs,
the routine administration of TXA after SAH
is not recommended. However, the clinical out-
comes and adverse occurrences among patients
receiving TXA were not collected in this study.
More high-quality studies are warranted in the
future to evaluate the effect of TXA on patients
with SAH.

Endovascular coiling occlusion of a ruptured
IA was more common than neurosurgical clip-
ping in this study. The disabled/dependent survi-
vors achieved a good outcome, with the modified
Rankin Scale scores of 0-2 at discharge. Endo-
vascular coiling is a better surgical technique due
to its fewer postoperative complications, good
outcomes (MRS scores, 0-2), and rehabilitation®.
For aneurysmal SAH patients, microsurgical clip-
ping of the aneurysm is associated with consid-
erably improved outcomes®*. However, another
Japanese study®' reveals that surgical clipping is
still being used to treat SAH. For patients with
poor aneurysmal SAH, both coil embolization
and microsurgical clipping are recommended*.
Nevertheless, these two treatment techniques are
not found to be superior among SAH patients,
considering the therapy options available to each
institution and the patient’s contribution to main-
taining the treatment outcomes.

Strengths and Limitations

The strengths of this clinical investigation in-
clude that it is a recent high-quality clinical and
epidemiological study performed in the northern
urban Chinese population, where research re-
sources are scarce. However, certain limitations
should be noted in this study. First, SAH manage-
ment requires a multidisciplinary strategy, and
the accuracy may be affected by hospital levels.
Second, only the urban regions were investigated,
which might limit the comprehensiveness of the
result. There might be recollection bias in our
medical history questionnaires, and our results
might be associated with survivor bias because
a tiny proportion of patients with seething severe
diseases died before enrolment. These concerns
are anticipated to have a minor impact on the out-
comes due to a good correlation between self-re-
ported medical history and medical records. In
addition, any assessment of current management
may benefit those who survive the first few hours
after SAH onset.
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Conclusions

Our findings on the management of SAH in the
northern urban Chinese population have shown
that nimodipine is an effective medical therapy
with a high rate of use. There is also a high utili-
zation rate of alternative medical interventions. In
addition, endovascular coiling occlusion is more
common than neurosurgical clipping. The region-
ally traditional therapy may be the key factor for
the difference in the treatment of SAH between
northern and southern China. Nevertheless, it is
essential to comprehensively evaluate the treat-
ments for SAH to improve outcomes from the
devastating disease in a northern urban Chinese
population.
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